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FO.UNDER’S NOTE 




* The Directly Useful Technical Series requires a few 
words by way of introduction. Technical books of the past 
have arranged themselves largely tinder two sections : the 
Theoretical and the Practical. Theoretical books have been 
written more for tl/e ti'aining .of college students than for 
the supply of information to men in practice, and have 
been greatly filled with problems of an academic character. 
Practical books have often sought the other extreme, omitting 
the scientific basis upon which all good practice is built, 
whether discernible or not. The present series is intended to 
occupy a midway position. The information, the problems, 
and the exercises are to be of a directly useful character, but 
must at the same time be wedded to that proper amount of 
scientific explanation which alone will satisfy the inquiring 
mind. We shall thus appeal to all technical people throughout 
the land, either students or those in actual practice. 










AUTHOR’S PREFACE 


It is possible to place too high a value on mechanical aids 
to calculation, for slavish reliance on them must tend to the 
lessening of the ability to compute, and to the loss of confidence 
in one’s working. Judiciously chosen, however, and used 
with reason, many of these aids prove to be of great service, 
and amongst them may be classed the various forms of charts. 

Interest in the study of nomogiTiphy, since its presentation 
by D’Ocagne, has been stimulated by the writings of Hezlet, 
Peddle, Liplia, Brodetsky and others: but it would seem that 
the practice of the principles is restricted to comparatively 
few of those whom it might benefit. It is felt, therefore, that 
there is a field of usefulness for any book which may assist 
towards a proper appreciation of the subject. 

No book can include a chart for every type of equation : 
all that can be done is to indicate on broad lines how to adapt 
a formula for representation by a chart, and to show how the 
chart may be most easily built up. The object of this present 
work is primarily the latter; the greatest possible attention 
being given to the details of the construction : and for the 
sake of clearness the charts are not crowded with markings, 
only sufficient being shown to indicate the nature of the 
graduation of the axes. 

The knowledge of mathematics required for the understand¬ 
ing of these charts is small, and it is suggested that the matter 
is so arranged and described that anyone previously un¬ 
acquainted with the subject of charts can follow with ease 
every case treated. 

Stress is laid at the commencement on the very essential 
groundwork of " functional scales,” the notion cf ft ” scale- 
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value ” of I inch representing n units of a function being 
adopted in place of the “ modulus ” of n inches per unit, since 
this seems to tend to simplicity. The different t5^es of charts 
are introduced progressively, the grading being as nearly as 
possible according to difficulty. The examples chosen are 
such as should appeal to the engineer, but the general subject- 
matter has a wider interest. 

The Author’s thanks are due to Mr. Clifford Hall for his 
skilful preparation of the diagrams for the press, and to Mr. 
J. L. Bale for valuable assistance at all stages of the work. 

Notification of any errors remaining will be considered 
as a favour. 


Borough Polytechnic, 5.1?. i. 
February 1923 . 


W. N. Rose. 
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Thus 
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and c ^ 
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A slight acquaintance with tlu; trigonometric ratios, aiul 
with the laws of similar geoinetrhail ligun;s. 
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CHAPTER I 

INTRODUCTION. 

With the increasing appreciation of the great nsefuhiess 
of graphs generally has come also a development of geometrical 
treatment to which D’Ocagne applied the name “ Nomo- 
graphy.” The derivation of the word, from the Greek word 
vomos —a law, is indicative of the subject, which concerns 
the graphic representation of laws in a rather special manner. 

In the years that have elapsed since D’Ocagne first pub¬ 
lished his " Traits de Nomographic " in 1899, great progress 
has been made in the development of “ noniography ” and in 
the application of " nomogi-ams," or " alignment charts,” to 
the solution of technical problems. 

We may define a nomogram, or, as it is also called, a “ nomo¬ 
graph,” as a chart designed to correlate the variables associated 
in a law by the simple expedient of drawing straight lines on 
the diagram. The axes in the diagram may be straight or 
curved, or they may be parallel to one another or inclined at 
any angle. The name " alignment chart ” is usually applied to 
a chart in which the axes are all vertical: these charts arc 
certainly those most frequently encountered, but they arc by 
no means the only nomograms of value. 

Nomograms possess the virtue of simplicity of construction 
and use: a nomogram expressing a certain law when once con¬ 
structed can be used with ease by one who lacks all under¬ 
standing of the significance of the law and of its manipulation. 
The chart does away with much transformation of fomiuke 
and calculation, and the time and labour spent on the jiro- 
paration of tlie chart are soon regained by its employment. 

A knowledge of the method of the construction of the 
chart is not a necessity for the using of the chart, but it may 
on OQpasion be a powerful aid : whilst to the designer of charts 
the principles miderlying the construction are cssentuil. Hence 
there is great need for detailed description of "thC various 
forms of chart, guidance concerning the best choice of chart 

B * % 
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for special conditions, and hints about the actual drawing of 
the charts. 

Wh ils t the greater part of this work relates to nomograms, 
the importance of particular forms of intercept charts has not 
been forgotten, some examples of these being also iiicliukd. 

Functional Scales. —As so much in the constniolion of 
alignment charts depends upon the correct appreciation of the 
term ," a functional scale,” it is advisable to consider in detail 
the setting-out of these scales before proceeding to the actual 
charts. A functional scale is one in which the functi(m of a 
variable is represented along one axis only, the marking placed 
at any point being the value of the variable at that point, and 
not the value of the function. By setting out the scale along 
one line a great saving of space is effected. Thus we might 
represent the function by the ordinary parabola obtained 
by the plotting of y = x^, in which case two graduatetl axes 
and a curve would be necessary; but it will be shown that this 
function can quite as easily be represented along one graduated 
axis only. 

The whole difficulty in the construction of a functional 
scale rests in the selection and use of what may be called the 
" scale-value,” and the variety of types here discussed should 
assist towards the removal of that difficulty. 

In place of the famihar x and y, associated with co-ordiiuite 
axes, we shall use the letters u jmd v to denote the variables, 
and in these cases of functional scales we shall need it only. 

The very simplest type of functional scale is that which 
represents the variable u itself : the scale chosen will evidenUy 
be of the nature i" = n units of u, such a scale bilng termed 
a " natural ” scale, as distinct from a " logarithmic ” scale. 

Two forms of scale for the representation of the sini])le 
function u are shown in Fig. i, the two scales differing in th<! 
fact that the scale-values are not alike. In (a) i inch n'pie- 
sents I unit of u and in (6) i inch represents 5 units of if, 
and if it be agreed to define the scale-value (clenotixl by /) 
as " the number of units per inch,” then in («) I = i and in 
{h)l==S. 

These two scales are set out by marking from an ordinary 
evenly-divided scale, and it will be seen tliat in each cast; thr^ 

marking for a value is at an actual distance from the 

zero of the scale. Tlius the mark for 3 is put at a distance 
of inches in [a), and -if inch in {h), from'the mark for o. 

To set out a scale of u^, the procedure is as follows*— 
Supposing that the highest value of u to be taken is 6, we observe 
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that 6® = 36 and that a convenient length for this number 
is 3’6 inches. Thus 3-6 inches represent 36 units of or i" 
represents 10 units, so that / = 10; also the actual distance 

u 2 

from the zero marking of a value must be or *1%®. 

The marking for # = i is distant *1 x i®, i. e. •! inch from o; 
that for 2 is distant -1x2®, i. e. *4 inch from o, and so on; 
the graduated axis being shown at (c), Fig. i. 


kJATURAL SCALES . 



Mote that in all coses the markings are |or Ihe values of 11 
Fig. I. —Functional Scales. 

It must be clearly understood that the markings in each 
case arc those for u, and not for the function of u. 

It would be possible to set out an evenly divided scale 
for '/i®, marking tlic values as those for 'W® and not u, but if 
this were done in a chart it would be nece.ssary, in order to 
find the value of u, to extract the square root of the value 
read off, so that the chart would lose much of its value. 

At {d). Fig. I, is shown a scale of or ■\/u, the value of I 
beings taken as -5, i. e. x" = *5 unit of V«- the marldng 

for 2, for example, is placed at a distance of 2*83 inches 

from the zero of the scale. • , 
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An axis graduated to show values of 3 j/. is shown at (c), 
Fig. I, the value of I being taken as i. The marking for 

« = I is placed at a distance from the zero of 

2 inches, and so on. 

Natural scales, although easy to set out, are of limited 
value only, and for the majority of charts logarithmic scales 
are necessary. The graduation of these is made according to 
the same plan as adopted for the natural scales, i. e. the actual 
distance in inches from the zero marking (which is i for a 
logarithmic scale, since log i — o) is always given by the value 

of^ 

The slide-rule scales furnish good examples of logarithmic 
scales, and, in fact, they may often be used with great advantage 
in the construction of charts. The lengths of the graduated 
portions of the rules vary slightly with the different makes of 
rule, but an average value of the length from i to lOo on the 
A scale is 25 cm., or 9*84 inches. Thus if an axis be graduated, 

the A scale of the slide rule being used, the value of I is — 

4 * 9 '^ 

or -2033; for 9-84 inches is the length from log i to log 100, 
i. e. from o to 2, so that 9-84 inches repx'esent 2 units, and 


hence i inch represents 


2 

9-84 


, i. e. *2033 unit. 


To set out a scale of log u without using a scale divided 
logarithmically, it is necessary to determine lii'st the length 
of axis required and from that to fix a suitable scale-value. 
Thus suppose it is required to graduate an axis for log u to 
show values of ti from i to loo, the length of line not to 
exceed 4", the scale-value might conveniently be -5, since, in 
that case, 4" would represent the difference between log i 
and log 100. Hence / = '5 aird the distiuice from the mark¬ 


ing for I to any marking r/j is — A or 2 log ; thus the 

marldng for 3 is placed at a distance of 2 X -4771, i. c. -9542 
inch from the marldng for i, and the marking for 60 is distant 
2 X 17782, i. e. 3-556 inches from the marking for i. This 
scale is shown at («), Fig. 2. 

Functions of u involvmg awkward powers or roots are 
in practically all cases treated logarithmically; it isr not 
impossibjp, Jiowcver, _ to set out a natural scale for such a 
function as u'^, but it is decidedly more convenient to make 
the scalp a logarithmic one. Suppose it is desired to set out 
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a scale for log u’^, the values of u ran^g froru lo to 250: 
then, since log = '85 log u, the length of the axis must 
be • 85 (log 250 — log xo), i. e. •85(2-3979 ~ i) == I*i88 imits. 
Then if 3" represents i-2 units, i" represents -4 unit and I =-4, 
so that the distance from the marking for 10 (in inches), of 

a marking ~ i. e. 2-125 (log % —i). 

Thus u = 100 is placed at a distance of 2-125(2 — i), i. e. 
2-125 inches from « = io; and «= 190 is distant 
2-125(2-2788 — i) = 2-7x7 inches from u = xo. This scale 
is shown at (S), Fig. 2. In all cases in which distances have 
to be calculated it is desirable to set out the calculations in a 
table, just as would be done for the plotting of an ordinary 
graph. 

LQ6ARITHM1C 5CALE5. 


SCALE OF bgU. 1= -5 

I I t I I I I _ J_ _ I_ 


5 6 7 8 910 


VALUES OF U 


30 -40 50 60 


SCALE OF lo g U 1= *4 


30 40 50 100 

VALUES OF U 
Fig. 2 .—Functional Scales. 


150 200 fiso 


To illustrate further the construction of these functional 
scales two other examples are added, the one requiring a 
natural scale and the other a logarithmic scale. 


Example x.—Set out a scale of -oosD, the values of D 
ranging from 3 to xo. 

If D ranges from 3 to xo, -0050 ranges from -005 X 3 to 
•005 X xo, i. c. its range is -035. Let 3-5 inches represent this 

range so that x inch represents —^ imit of /(D), i. e.l — -ox. 

Then the actual distance from the virtual zero (in this 

case* the marking for 3) of a marking Dj == —or 

•S(Di — 3), so that the markmg for 7 is placed *at*a distance 
of -5(7 — 3), i. e. 2" from the marldng for 3. The scjle, being 
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a natural scale, presents no difficulty; it is shown at («), 
Fig- 3- 

Example 2.—Graduate an axis to give values of logvj'"', 
V ranging from 4 to 14. 

Log — 1-4 log V and the total length of the axis must, 
be i-^(logi4 — log 4) = 1-4(1-1461 — -6021) == -7616 unit. If 
3-81 inches be taken to represent this range, i inch represents 
-2 unit and I = -2. 

SCALE OF -OOSD. 1= ‘01 


VALUES OF D 

SCALE OF 1= *2 

I_I_I I_J-1-1-L-J 

4 5 6789 10 12 W 

VALUES OF V 
Fig. 3 .—Functional Scales. 

Then the distance from the virtual zero (viz. the marking 

for 11 = 4) of the marking for v^ — — x i*4(log .log.() 

= 7(Iog v-i~-6021). 

The table for the graduation reads 


V ...... 

1 ^ 

5 

6 

7 

R 

11 

10 

IZ 

»( 

log«. 

•(I021 

•6990 

•7782 

• 8-151 

•9031 


z 

r'<» 7 o.: 


log w — log 4 . . . 

0 

’OQhg 

*i 70 r 

• 2.(30 

•3C1 to 


MO 79 



7 X difference of Iogs= ^ 
distance (inches) . / 

0 

•6783 

I- 2 .T -37 

i 

2.ro7 

2«.|6.|7 

27R..3 

1 

3 ' 1.(07 



The plotting is shown at {!>), Fig. 3. 

Scales representing the trigonometric functions are valiialilo, 
and hence two examples are included here. 


Example 3.—Graduate an axis to represent the fiiuclion 
3 sin 2A, the angle A varying from 0" to 90". 

Althoujg:h the actual range of A is 90'’, the effective range 
is 45°, for if A = 45°, 2A is 90“, and sin zA has then its greatest 
value. Now sin 0° = 0 and sin 90'" = i, .so that the .axis 
must be sufficiently long to show 3x1 units. If 3 inches 
represent *3 Tmits, then the scale-value Is l. The clislanoe 

from th# zero to a marking for Aj is thus incho.s, 
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and a table of distances can be compiled, use being made of 
the rule sin a = sin (i8o — a.) when A exceeds 45°; a few values 
being 


A. 

0 

10® 

20® 

30" 

40® 

45 ° 

50® 

60® 

5 ^ 0 ® 

80® 

90“ 

2A .... 

0 

20® 

40® 

60® 

80® 

m 

100® 

120° 

140® 

160® 

180® 

sin 2A . . . 

0 

•343 

■6428 

•866 

•9848 

I 

•9848 

•866 

•6428 

*343 

0 

3 sin 2A *= dls- 
tance from V 
zero markingJ 

0 

1*026 

1*9284 

2*598 

2*9544 

3 

2*9544 

2*598 

1*9384 


0 


The graduated axis is shown at (a), Fig. 4. 




& 


Scale qf 3 sih 2 A . 
—rb- 1 . . 


io‘ is; ' 

80 * 75 * ? 0 * 

VALUES OF A. 



as; 

65 * 


30;' 

60 55*50 


Scale of Log ( f ^lP - y ) 


O 




10^ 


ao‘ 


25 * 

VALUES OF «=< 


30 ^ 


35 * 


40 


Fig. 4. 

Example 4.—Graduate an axis to represent the function 

the range of a being from 10° to 40°. 

When a = 10° sin a = -1736 

I + sinj. _ 1-1736 ^ 1 = .,5^ 

•8264 ^ \I — sm a/ 


I — sm a 
and when a = 40° sin a = -6428 
I 1 - sin a 1-6428 
T3572 


and log(Edt4ilil) _ 
• 2')72 ^\I—sma/ 


•6626 


I — sm a 

so that a range of -6626 — -1523 unit must be shown, a smtable 
scale being i cm. — *05 unit. Then the table of values is:— 



10® 

150 

20® 

H| 


35° 

m 





HM 

BB 


*6428 


jjsS 

•2302 

•3096 

•3917 

•4771 

•5<>72 

*6626 

Difleronw. of logs .... 

0 

*0779 

•1573 

*3394 


. *4149 

•5103 

Distance In eras, from virtual \ 
zero. 1 

Bl 

1*558 

3*146 

4-788 

6*496 

8*298 

10'206 


I 
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the figures in the fourth line being obtained by subtracting 
•1523 from each log in the third line; and the fifth line being 
obtained from the fourth line by dividing by *05. The 
graduated axis is shown at (b), Fig. 4. 

It is sometimes desirable to graduate an axis on its two 
sides so that two variables may be related. Tlius in Fig. 5 
the axis is graduated with a logarithmic scale on one side and 
a natural scale on the other. The relation between the vari¬ 
ables is given by the equation 



I 

1 


1-5 


T 


VALUES or 0 

. f . 


r-L 

3 3»5 


T 


1-852 


5-5 

VALUES OF 


4-5 5 


loge -3 0 (0 in radians) 



30 60 
-XjlJL 


90 


VALUES or o< 

ISO ISO' 180 £10 £40 £?0 300 330 360 

jLj Uo-J I U- -I ~ Ji J i -..u 1 f i ■. I. -■.» J ■■ 


T 

2 2-193 2-5 

VALUES or 


t 


1-5 


3-5 


n ' I ^ . 

-4 4*S 5 5-5 6 6*5 


I ® 

logeT “'oosess (®< in degrees) 
Fig. 5 . —Tension in a Belt. 


T and t being the tensions at the ends of a belt passing round 
a pulley, ju being the coefficient of friction between belt and 
pulley, and 0 being the angle of lap in radians. For the 
case illustrated, ju is taken as -3 and 0 ranges from 0 to 6-283, 
i. e. from 0 to 360°. 

If I = 

t 

then log, ~ = fid. 

Now fi = ' 3 , and thus fj ,0 ranges from o to -3 x 6-283, f*om 
0 to 1-8849! a convenient scale-value for the representation 

of this is 4 =» *5 miit. The axis may now be graduated, it 
being remembered that the marldngs are for values of 0, the 
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distances from tlie zero being of the nature i. e. * 60 , and 

■5 

T 

the scale being a natural scale. The range of log* -r is also 

t 


1-8849, and so the same scale-value can be chosen, viz. 4 ='5. 
but this second scale is a logarithmic scale, and to avoid any 
confusion it is best to make up a table of distances, thus :— 



It will be seen from (a). Fig. 5, that if the angle of lap is 
. T 

2 radians the value of j level with 2 on the scale of 0 is read 
off as 1-822. 

It is probable that in most cases the angle would actually 
be measured in degrees. If a is the angle in degrees the 
formula becomes 


, T UK 

T =m 


•3 X « 


= '005235K. 


The range is the same as before, viz. 0 to 1-8849, that the 
same scale-value may be taken, viz. li = -5. Then the 

distance of a marking for a, from the zero = _ 

"5 

-oi047aj inch and the scale can be graduated accordingly, as 

T 

at (b). Fig. 5. For any angle of lap the value of — can be 


read pff directly : thus if a = 150°, -r = 2-193. 


If de.sired, this diagram may be used to change from degrees 
to radians, or vicc-vena, by simply drawing a vertical line to 
cross the axes of 6 and a. 








CHAPTER II 


CHARTS WITH STRAIGHT LINE AXES 
CARRYING NATURAL SCALES. 

The method of graduating an axis to suit varied rcKpiire- 
ments having been treated, it is now possible to proceed with 
the discussion of the process of aligning axes relative to one 
pother so that they may be put to some practical iisi;. It 
is not easy to classify alignment charts, but perha.])s the 
simplest mode of division is into two main classes, viz. those 
in the one class having “ natural ” scales, and those in the 
other class having “ lopritlimic" scales, but this method 
does not allow for the inclusion of charts in which natural 
scales are used for some axes and logarithmic .scales for otlun's. 
Even with this division there is no great distinction between 
the two classes, since mpy of the rules deduced for the foniH'r 
class can with slight modification be adapted for use with the. 
latter class. 

M^st not attempting to apply a rigid classification, 
tlpefore, the plan adopted will be to treat the simple charts, 
with natural scales, before introducing logarithmic scales. 

We may commence the discussion by the consideration of 
a very simple example :— 

Let AG and BD (Fig. 6) be two verticals, along which are 
to be represented values of the two variables, u and /• 
respectively. 

Let i" = units of u along the axis AG 

= 4 .. V „ „ Bl). 

It bemg permissible to place the zero of the scale nnywln're 
along the axis, we may say that AB is to serve as the'line of 
zero values. 

tha?’^^'^ ^ «« Pl^iced 

AE L 

EB ~ ll ' ~ and AB =3 

Then, if AC represents some value of 11, say //., and Hi) 
represents some value of v, say v^, we may imagine that Kb’ 

* Trt 
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II 


represents a value of another variable w which is connected 
in some way with and Vj : also, if it be supposed that EF 
represents % to a scale of i" = /g units, where /g = 1 ^, 

then we can proceed by the aid of simple geometry to find the 
connection between and v^, and thus that between 

w, u, and v. 

Draw GHD parallel to AB: then from the similarity of 
the triangles CGD and FHD 


i. 


c. 


CG _ GD _ AB _ OT 
FH ~ HD ~ EB ~ 


AC — AG _ m AC — BD _ m 
EF“— EH ~ OTg EF~-^BD ” ^ 


(I) 


Now 



Also AC is an actual length, representing to a scale of 


units*per inch, so that AC X and AC = 


and in like 
h 


* 


BD = and EF 








manner 
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Then, by substitution in equation (i) 


whence 


_ h 

^2 _ ^ 

‘'l 

^3 ^2 

l^Wi — i^Vi 

1^1 ^ 8^1 ~ ^ 2^1 ^ iP \ 

= Vh — ^iPi “h — ^i{‘h "I" ^'i) 


and Wi = «i + 2^1- 

It has thus been proved that the intercepts on the thrci' 
vertical axes can be used to connect the three variables, the 
relation between them in this case being w — u -1- v. 

By this placing of the mid-vertical in its coirect position 
relative to the fixed axes, the process of addition can be per¬ 
formed mechanically, the space required being mvich less than 
for an arrangement of sliding scales as illustrated in Fig. 7. 


0 i 

j 1 

& 

1 L 

d 

. 

1 5 

1 

1 

1 

1 


9 H 

. 44 ^l 

D 1 

1 

4 - 

S 1 

..J... 



0. 1 

1 

1 3 

1 

2 X 

1 

1 

»• i 

1 1 
iOi ; 

1 

^ 1 

4 

3 i 

1 

5 li 

0 ? 


5LIDIkl6 SCALES FOR ADDITIOM 
Fig. 7. 


From ajehart for addition to one for subtraction is a small 
step; and it can now be demonstrated that subtraction can 
be performed in a somewhat similar manncT, provided (liat 
either (a) the u and v scales are graduated in oppusile direc¬ 
tions, or (b) the " mid-vertical ” is placed outside the a.ves 
of u and v. In case (a), lettering the diagram (Fig. ti) as for 
Fig. 6, we have the readings for u upward and those for v 
downward. 


Then, as before, 
whence 


and 



CG 


m 


FH 


ml 


+ ?! 



k 

4 


VI _ 

4 

+ ? 



Ljfil ‘~h liOi 

= 

I 


=: 


- 


h 

k 


In caje^S) let the diagram be as in Fig. 9, the axis of w being 
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. K'i 

; i;': 


f'i 


ll 

<•: 


11 

.;1 


By similar triangles 


GG _ ^ 
FH 


% ^ 

^2 ^3 

^^2 4 

- hH - + h^\ 

or zc/j = t/j — Ui. 

It should be evident that the chart for addition, shown in 
Fig. 6, could also be used for subtraction, and thus Fig. g 
is in reahty a slight modification of Fig. 6. 


Chart for Addition 

Example i.—Construct a chart to give values of w, u, 
and V in the equation w = u v, the values of « ranging 
from 0 to 10, and v varying from so to 70. 

[Tlie ranges of the values have been thus selected so that 
it can be made quite clear that the line of zero values is not 
an absolute necessity; the line joining o on the axis of u to 30 
on the axis of v takes its place in this example.] 

To Construct the Chart. —Draw two vertical lines, AG 
and BD (Fig. 10), 3" apart, so that m — 3. Along AG, which 
is to be the axis of u, set out the values of ti to a scale of 
i" = 2 units : thus l-^ = 3 . Select some convenient point on 
BD, such as F, and indicate this as the virtual zero of the v 
scale, actually placing the marking 30 there. Set out ^rom 
F along BD the scale of v, taking the value of as 10. Then 
MH, the axis of w, must be so placed that 

AM _ _ 10 

AB ““ Ti -Ma ~ 2 - 1 - 10 
or AM = zy, 

and the scale-value for the axis of w is given by 4 = 4 H' h —12. 

To fix a startmg point on this axis, join o on the axis of 
u to 30 on the axis of v, giving the line AGF which cuts the 
axis MH at G, and mark G as 30 on the scale of tei; this being 
permissible since = -u -1- v, and if n — o and v == 50. 
must also be 30. Complete the chart by graduating the axis 
of w to tRe scale of i" — 12 units, using a scale divided into 

twelfths of an inch. 

# 
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To Use the Chart. —Given u — 6 and v = 52, to find w. 
Join 6 on AC to 52 on BD and note the point of intersection 
of this line with the axis MH, viz. 58. 



Fig. 10 .—Chart for Addition. 


Given u — 4*5 and w — 69, to find v, proceed as indicated 
by the line PQR, the value 64-5 being read off at th(? point R. 
To obviate the obliteration of the charts by the drawing 
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of numerous lines upon them, it is desirable to draw a line on 
a piece of tracing-cloth, or, better still, upon a strip of cellu¬ 
loid. This can be used over and over again, and can be moved 
up and down on the diagram, thus saving time and preserving 
the chart. 

The same method of construction would be employed for 
a chart to represent the more general equation au ov = w. 



but it must be remembered that the scale value 4 would be 
detennined from the range in the values of an, althongli the 
axis would be marked with the values of u. 

The Derivation of a Nomogram from a Graj>li.— 
The nomogram with parallel axes representing the etimation 
M -|- y = i® can be obtained from the graplis, with Cartesian 
co-ordin£ftcs, representing the equation x ■\-y =■ c, whertf c 
has any value, in the following simple manner;— 

I^t ‘MN (Fig. ii) be the line x y = 5 . Selecting’ any 
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point M upon it, note the co-ordinates MP and MQ 
the two parallel axes AR and BK (Fig. la) 3 inclik 
making AB the line of zero values. From A set off AR 
thus setting off an .a; value along the axis of u, and Iro 
make BS = MQ : also join RS. Repeat the process for s 
other point N, making AH = NT and BK = NW. The k 
RS and HK intersect at G, and it can be shown that all lines 



like RS and HK, determined in the same way from other 
points on the line MN, must pass tlurough G. 

Now let mn (Fig. ii) be the line x y = 20 and deal with 
the points m and n as before described : thus Ar = mp, 
Bs = tuq, Ah = nt and B/c — im. It is seen that the inter¬ 
section of the lines hk and rs lies vertically above G, the 

Jpp A 20 

distance Fg being exactly four times FG, i. e. = 3 or —. 

'Treating the line m'n' (Fig. ii), i. e. the line x y — — s, 
in the same way, the point of intersection of r's' an(^ h'k' is 

c « 
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found to be below AB, but on the vertical through G and g, 
and the distance Fg' is seen to be -g- of FG. Hence if the 
axis Fg was graduated from F as zero, markings could be 
placed at g, G, and g', 20, 5, and — 3 respectively. These 
are the values of c in the equations for the particular line 
from which the respective points g, G, and g' were obtained, 
and hence it can be seen that the nomogram could be obtained 
directly from the graph by transferring co-ordinates to the 
proper axes and finding the locus of the points of intersection 
of the resulting lines. 

In practice, it is much easier to work according to the 
plan outlined in Example 1, p. 14, but the connection between 
the two forms of diagram should be noted. 

Actually in this particular case the scale-values are 1 ^ — 2 
and 4 =: 10, and hence we should expect the axis of w to be 
2 'J inches from that of it, and 4 to be 12, giving the lengths 
Fg, FG, and Fg' as -J-g-, -j^-, and ^ inches respectively. Measure¬ 
ments on the diagram (Fig. 12) confirm these suppositions. 

Example i is of a most elementary character, in that 
evenly divided scales alone are required. The method can, 
however, be modified to suit a case of far ^eater difficulty, 
and one in which the advantage of the chart is more markedly 
demonstrated. 

Example 2.—Construct a chart to give values of u, v, 
and w when connected by the equation 2 u •+■ = w^, the 

range of values of u being from 0 to 20, and that of v being 
from 0 to 3*5. 

The equation 2u = w- can be written as U + V = W 
where U = 211, V = and W = ze'®, and is therefore of the 
type illustrated in Example i, p. 14. 

To select the scales for the axes of it and v, it should be 
noted that if u ranges from o to 20, 2ti varies from 0 to 40 : 
then if 4" be taken as the length for this range, i" must 
represent 10 units, i. e. 4 = lo. Also, since v varies from 
o to 3-5, varies from 0 to 42’875 and thus 4 can also be taken 

as 10. Then 4 = 4 + 4 = 20 and ^ = i. 

To Construct the Chart.—Draw the axes of u and v 
(Fig. 13) 3" apart and the axis of te> mid-way between them. 
Along the axis of u set out the values of u to the sc;iile of 
i" = 10 tmits of 2 u, or i" = 5 units of u. Along the axis 
of V set 9 ut the values of w to a scale of i" = 10 tmits of 

(Thus the marking for w = 3 is distant 2-7 inches from 

•) 

m 
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the zero.) Join the zero on the u scale to the zero on the 
V scale, and mark the point of intex'section with the axis of w 
as o, since w = 0 when tt = o and v = o. Graduate the axis 
of w with the scale-value 4 as 20, i. e. place the marking for 8, 
for example, at a distance from the zero marking of i. e. 



Fig. 13. 

3-2 inches. Along the ti axis the markings are evenly spaced, 
since the plotting is of the first power of n only, but along the 
other axes the distances between the markings for couisecutive 
numbers vary. 

To Use the Chart.— (a) To find w when « = 8 anij v = 3, 

% 




20 


LINE CHARTS FOR ENGINEERS 


join 8 on the axis of « to 3 on the v axis to intersect the axis 
of w at 6-56 : then 6‘$6 is the required value. 

Proof:— 2x8 + (3)3 = 43 = ( 6 - 56 ) 3 . 

(b) Given v = 2-5 and w = 7, to find u, join 2-5 on the 
V axis to 7 on the w axis and produce the line to cut the axis 
of w at 16-69. 

Proof :— 2M — isP 

■> <1 j ie»3 — 

zti = w^ — v^ and u = —^— 

Thus 11 = 49 -ZI - -6 _ 15.688. 

2 

(c) Given u = 3-5 and te; = 6, to find v. 

Line (c) on the diagram joins 3-5 on the u axis to 6 on the 
axis of w and is then produced to cut the axis of v at 3-07. 

Proof :—■ ii3 _ ^2 _ 2u 

so that z= 36 — 7 = 29 

whence v — 3-073. 


Chart giving Area of Annulus 

Example 3.—To construct a chart to give the area of an 
annulus, using the formula 

A = -7854(0® - ^^®) 

D ranging from 0 to 10 and d from o to 7. 


As a matter of convenience and ease in the subsequent 
working, it is advisable to transfer -7854 to the left-hand side 
of the equation thus 


A 

•7854 


= D® - 


and it will be at once seen that this equation is of the type 


where 


A 


■7854 


w = v — u 
w = D® and u = 


Hence the chart may take either the form shown in Fig. 8 
or that shown in Fig. g, the latter foi-m being the more con¬ 
venient in that a more open scale for the values of the area 
results, and consequently this form of chart is employed first. 

The range of values of d is to be 7, and that of ^^® is there¬ 
fore 49, so that a scale of 10 units to the inch is suitable? i. c. 
4 = 10. Also D ranges from o to 10 and D® from 0 to 100, 

* lyt/t 1 • 

and hence I2, may be taken as 20. If w = then — = ? == 2 
• ^2 n 
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A A 

zero to a marldng for Aj = -f- lo = = •1274A1., 

Thus the marking for A = 20 is distant 20 X *1274 or 2-55" 
from the zero of the A scale. 

To Construct the Chart. —Draw the three vertical 
axes spaced as shown in Fig. 14. Taking some horizontal line 
as the line of zero values^ set out the scales according to the 
respective values of 4. 4 > h • for d = 6 the distance 

from the zero is — or 3*6 inches, and for D = 9 the distance 
from the zero is -- or 4*05 inches. 

on » 


To Use the Chart. — (a) To find the area of an annnlns 
of outside dia. 9" and internal dia. 6", join 6 on the axis of 
to 9 on the scale of D and produce the line to cut the axis 
of A at the required value, viz. 35-34. 

(6) The area of cross-section of a hollow shaft is 8-5 sq. in., 
and the internal dia. is 5*4 inches, what is the external dia. ? 

Join 8*5 on the axis of A to 5-4 on the axis of d and note 
the point of intersection, 6*324, with the D scale : then 6*324 
is the outside diameter. 

(c) What is the dia. of a circle of area 40 sq. in. ? 

Join 40 on the axis of A to the zero of the d scale (since 
the internal dia. is zero) and note the value of D at the point 
of intersection with the D axis. This value, viz. 7-137, is 
the required diameter. 

The alternative form of chart for this cejuation, viz. one 
similar to that in Fig. 8, is shown in Fig. 15; but it is clearly 
not so workable as that just discussed. In it the axes of D 
and cl are graduated in opposite directions and consequently 
the axis of A is placed between these. The method of con¬ 
struction should be evident from the chart, the scale-values 
for which are :— 


Along the D axis = 20 


i} 

whence 


It ^ n 4 

h — h — 4° units of the function 


A 

•7854 


or actually i” — 31-42 units of A. 

Also = i-J" : and the lines (a), (&), and (c) indicate 

the procedure for the three cases detailed above. • 

A further important formula can be represented by a chart 
of the form shown in Fig. 14, viz. that connecting the sides 
of a right-angled triangle, -j- 6^ _ ^2^ and the many modi- 
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fications of it that occur, as, for example, (Impedance)® = 
(Resistance)® + (Reactance)® or (swing radiusAs)*^ = (swing 
radiusuisr)^ + (distance between AB and NN)-®. The advantage 
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Chart for Multiplication and Division. —A form of 
chart useful for multiplication or division can be constructed 
with natural scales only, but the method of setting out the 

scales is somewhat in- 
volved and in general 
the charts for this pur¬ 
pose have logarithmic 
^ scales. An example of 
1 this type is, however, 
included. 

In Fig. i6, let AB 
be the axis of u and let 
CD be the axis of v, the 
graduations along this 
axis being in the oppo- 
D site direction from those 
along the axis of u. 
Then AG, which is any 
convenient sloping line, 
connects the zero mark¬ 
ings on the two scales, and is termed the axis of w; the 

relation between the variables being ze' = 

If the scale-values for the u and v axes are 4 and respec¬ 
tively, and AB represents some particular value of «“ say 

and CD represents a particular value Wj, then AB = and 



Let AG = w and AE = 

Then in the similar triangles ABE and CED 

AB _ CD 
AE~ CE 



so that 


but 


X X ^ 

li nil 4 

% _ ___ 

w = - for all values of w and v. 

V 


and hences 



w 


1 
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Thus 

or, solving for m^. 


Lnu 

W-* = - - — - 

^ — m^) 

*— = l-iMi 

WyUm 
nu = - —f 


Thus, for any value of the actual distance can be 
calculated, and the marking for placed at the point so 
obtained. 

A more convenient form of this equation is 


nil X 


k , 

i+”’‘ 


and it will be seen that a uniform scale for w cannot possibly 
result: consequently the graduation of the axis of w is a 
tedious process. 


Chart for Ohm's Law 

Example 4.—Construct a chart to give the values of the 

E 

variables in the expression of Ohm's law, viz. C = whei^e C 

is the electric current through a circuit of resistance R, the 
potential difference being E : the variation of the E.M.F. 
being from o to 200 volts, and the resistance varying from 
0 to 8 ohms. 


Draw two verticals AD and BF (Fig. 17) 3 inches apart 
and from A mark off AF = 5", so that m == 5. Along AD 
set out a scale for values of E, taking 50 units to the inch : 
thus = 50. From F, but in a downward direction, graduate 
the axis of R to a scale of 2 units to the inch, so that 4 = 2. 
Then a few points on the axis of C, i. e, the line AF, can be 
found by joining convenient points on the two axes AD and 
BF : thus, for example, by joining 200 on the axis of E to 2 
on the axis of R, the marking is determined for 100 on the C 
scale. Furtlicr points can be found by calculation, and 
intermediate points can readily be found by interpolation from 
a curve. 


Thus, since ^= 25 and m == 5 

Ln 2 


= 5 X 


35 +Ci 
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and a table of values reads 



Fig. 17.—Chart for Ohm's Law. 


If these values of % are plotted to a base of values «Df Ci, 
the scale alon^ the vertical axis being the same as that along 
the axis*AF in Fig. 17, a smooth curve results, from which 
the distances to be measured along AF can be talien off 
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directly with the dividers. Such a curve is shown in Fig. 18, 
but the scale of values of wjj is | that of the corresponding 
scale in Fig. 17. 

To Use the Chart. — (a) To find C when E = 52 and 



Fjg. 18. 


R = 4, join 52 on the axis of E to 4 on the axis of R to cut 
the axis of G at the required value 13. 

(b) To find R when C == 120 and E = 160, join 160 on 
the axis of E to I 30 on the axis of C and produce the line to 
cut the axis of R at 1*33. 

Proportional Charts. —Essentially all the foregoing 
might be defined as pro¬ 
portional charts in so far 
as they depend upon the 
relations between the 
sides of similar figures; 
but charts more appar¬ 
ently “ proportional ” 
may be constructed and 
be peculiarly adapted to 
certain tjrpes of formulre. 

Two forms of pro¬ 
portional charts arc illus¬ 
trated m Figs. 19 and 20, 
that m Fig. 19 being 
discussed first as the easier to understand. 

In Fig. 19 the axis AB is showm perpendicular to The axis 
AC, but it is not necessary that the angle between the axes 
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should be a right angle if any other is found more convenient: 
DE and BG are parallel lines; then from the similarity of the 
triangles ABG and ADE 

AD~AE 


Now if AC represents x, to a scale oi x" = li units 

AT? _ 7 


AB 

>f Vi i» 

it 

I" = k .. 

AE 

f> % it 

ti 

i" = 4 » 

and AD 

it it 

if 

I" = 4 .. 

then 

11 

X 

% .y. 4 
4 «i 




yi 4 

^4 


Vl 

and thus 





yi 



provided that the scale-values are so chosen that 


4 4 
4 4 


In Fig. 20 AC is parallel to FB, and AD is parallel to EB 



and AB is the line joining the zero markings of the four scales. 
Then, 


if 


and 


AG represents % to a scale of 4 units per inch 
■A.D ,, J/j ,, ,, Zg „ ,, 


BF 

BE 


AC = fi AD = ^ 

h 


)> ^3 J 

if ^4 i 

BF = ^ 


BE; 


4 
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Now the figures ACRD and BFRE are evidently similar, 
so that 

^_BF 

AD~BE 


whence 


; % X "i 


7 7 


Example 5.—Construct proportional charts of 
the form shown in (i), Fig. 19, and (ii), Fig. 20, to 
illustrate the equation 


3 SH 
3-^4-17 


1 - 558^8 

i-sA 


when X ranges from 0 to 12, y from 0 to 5, 
and u from o to 60. 

Dealing first with (i) we have the 
chart shown in Fig. 21. Suitable 
scale-values are:— 

s. for the x axis 4=4 

\ „ y „ 4= I 

\ II ^ M 4 ~ 20 

\ \ and therefore 4 is determined, 

^ \ since 

\\ 7 _ 4 X 4 _ 20 X I_ 

\\ '<— Tr-~^ 

Then the axes can be 
\ graduated according to 

V these scale-values, in 

\\ the manner shown in 


V VALUES OF U 

,T, 
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To Use the Chart. — (a) Given y = 3*4, v = 9’5 and x = ii, 
to find u. Join 3'4 on the scale of y to ii on the scale of x, 
and through 9*5 on the axis of v draw a parallel to this line 
to cut the axis of u in the point marked 30-73 ; then 30-73 is 
the reqinred value of «. 

(i) Given u = 48, x = 3-4, v — 22, to find y. Join 48 on 
the axis of u to 22 on the axis of v, and through 3-4 on the 
axis of X draw a pai'allel to cut the axis of y at the required 
value 1-558. 

(ii) The alternative fom of chart is shown in Fig. 22. 
AG and AD are two axes at right angles and BF and BE are 
also at right angles; the distances between the pairs of parallel 
axes being purely arbitrary. The line AB joins the zero values 
of the four scales and serves as the connecting link between 
the two pairs of variables. 

Taking the same scale-values as for case (i), the axes of x, 
y, n, and v are set out along AG, AD, BF, and BE respectively. 

Then {a), ,to find u when y = 3-4, x — ii and v = 9-5, 
join 3-4 on the axis of y to 9-5 on the axis of v, and through N, 
the point in which this line cuts AB, draw a line from ii on 
the axis of x to cut the axis of at 30-73. 

{b) To find y when u — 48, x = 3-4 and v = 22, join 3-4 
on the axis of x to 48 on the axis of u, the line intersecting AB 
at R : join 22 on the v scale to R and produce the line to cut 
the axis of y at x-558. It will be seen that it is essential that 
points on opposite axes are joined in all cases and not points 
on adjacent axes. 

This form of chart is to be preferred to that shown in Fig. 21, 
since it not only tends to produce a more open figure, but it 
obviates the division of one line to show two scales witli the 
consequent possibility of confusion. 

Useful charts of this character can be drawn to assist in 
the evaluation of such a commonly recurring formula as 

/_M_ E 
y “ I ~ R 

or in the application of the “ sine ” rule in the solution of 
triangles. 


Chart for Solution of Triangles 


Example 6.—Gonstmet a chail; suitable for the solution of 
triangles by the aid of the “ sme ” rule, viz. 


a _ b _ c 
sin A ~ sin B ~ sin G 


the sides having values up to 5. 
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90°, because if the angle is obtuse, use may be made of the 
relation 

sin A = sin (180 — A). 

The maximum value of the sine is i, since sin 90° = i, and 
on the diagram (Fig. 23) 10 cm. is the length representing this 
amount. For the lengths of sides the scale taken is i" = a 
units. When setting out the scales of angles it is necessary 
to bear in mind that it is the magnitude of the sine that deter¬ 
mines the length to be measured along the axis, whilst the 
actual marlcing is the value of the angle. Thus if A = 35“ 
sin A = *4326 and the marking for 25° is placed at a distance 
of *4226 X 10, i. e. 4-226 cm. 
from the marldng for 0°. 

To Use the Chart.— 

(a) Given a = 2-43 inches, 
b = 3-61 inches, and B — 20°; 
to find A. Join 2-45 on the 
scale of a to 3-61 on the scale 
of b, the line cutting PQ at 
D. Join 20 on the scale of 
B to the point D and pro¬ 
duce the line to cut the axis 
of A in the point for which 
the marking is 13° 26'. Then 
A = 13“ 26'. 

(b) Given c — 43-9 inches, 

G = 1191°, and a = 19-8 
inches; to find A. Join 4-39 
on the scale of b (the b scale 
in this case serving for the c scale) to 1-98 on the scale of a, 
the line intersecting PQ at E. Through 6o| on the B scale, 
6o| being the suppleinent of 119^°, draw a line through E to 
cut the scale of A at 23° 7'; then A = 23° 7'. 

A step forward leads to a combined proportional chart as 
shown in Fig. 24. By means of such a chart four variables 
may be correlated, three axes being necessary. 

In Fig. 24 let AG be the axis of u and also of another 
variable t, and let BH be the axis of v. Choose AB so that 
its length is any convenient round number of inches and let 
AB be utilised as the axis of a fourth variable w. Assuming 
that tBe scale-values taken in the plotting of the values of «, 
V, IS), and t are 4 > 4 respectively, let AO represent 

some particular value of u, say %, AE represent 4. AF repre¬ 
sent %, and let BD represent EF being drawn parallel 
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to CD. Then it is possible to determine the relations existing 
between the variables when the scale-values are connected 
in a particular way. 

Through B draw BG parallel to CD and EF : then 


AC = 


AF = 


k 

4 


BD = ^ 
4 

AE = ^^ 
4 


and AB = m. 


From the similarity of the triangles AGB and AEF 


AB ~ AF 
AG-f-BD AE 
m AF 


k _ 4 _ 4 ^ 4 _ 

m 4 “"i 

4 % + 44 _ 44 
wi 44 4 ^^i 

Now if k = , 4 > equation becomes 

44 

ndy ~ l^W-y 

and if the scale-values be so chosen that ml-y = k-^ 4 

4 

e. w = 

hh 

then u, -j- ^ 

1 ' J- Wi 

or, in general, ti,-{-v = ^ 

where u, v, t, and w are functions. 

In practice, it is usinil to decide upon a convenient value 
for m and to select k 4» then 4 is calculated from the 
relation 4 = mkk- I'hc equation as it stands does not appear 
to be of a common type, but it imist be remembered that the 
letters may represent functions : thus, for oxanq>lc, th^ equa- 

a/ 0 

tion might talce the form a? ~P== , in which case the 

scales along the various axes would not be cqutilly divided. 

• * 
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Chart gfiving Volume for Hollow Cylinder 

Example 7.—Consti'uct a chart to repi'esent the equation 
for the volume of a hollow cylinder 

V == 7 rA(R 2 - r^) 

R ranging from 0 to 5 inches, r from o to 4 inches, and h from 
0 to 60 inches. 

The equation V = 7 rh[R^ - r^) 

may be re-written as ^ 

which is of the form — — 

w 

the difference between the two forms in the sign on the left- 
hand side of the equation being observed in the marking of 
the scale of r in an upward, instead of in a downward, direction. 

To Choose the Scale-values.— 

R varies from 0 to 5 
R2 „ „ Ot0 25 

and if 5" represents 25 units, then 4 = 5, this being the scale 
along both the R and r axes. 

Now h varies from 0 to 60 so that irh ranges from 0 to 188-4 • 
a convenient scale is i" = 207r; i. e. i" = 207 r units for irh and 
hence i" = 20 for h and 4 = 207 r. 

Again, 4 — ?«44 = m x 5 X 207 r 

10 

so that if m is taken as —, i. e. 3-18" 

TT 

then 4 = — X 3 X 207 r = 1000. 

* TT 

To Construct the Chart.—Draw two vertical lines, AC 
and BD (Fig. 25), 3 inches apart and make AB of length 
3-18 inches. Along AC set out a scale of R^ and along BD a 
scale of r^, taking 4 = 5 each case and numbering the axes 
as previously described. Along AC also mark a scale for values 
of V, the scale being 1000 units per inch. From A to B, 
along AB mark the scale of values of h, taking i" = 20 units. 

To Use the Chart.— {a) Given R=4'', r = 2'', and h—40, 
to find V. Join 4 on the axis of R to 2 on the axis of r and 
througii 40 on the axis of h draw a piurallcl to this line to cut 
the axis of V at 1508 : then V = 1508 is the required volume. 

(&) If the volume = 2750 cu. in., the length = 5 V^ 
the external radius is 5", find the internal radius. Join 2750 
on the axis of V to 57 on the axis of h, and draw a parSlleJ to 
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tills lin6 througli 5 the cixis of R to cut tiic y uxis ^t i 

then the internal radius is 3*106''. 

(c) If R = 4*8", r = i*3" and the volume is 3000 cu. m., 



Fig. 35 )—Volume of a Hollow Cylinder. 


to find the length. Join 4*8 on AC to 1*3 on BD and through 
3000 on the scale of V draw a parallel to cut AB in the required 
value, viz. 44*72. 



CHAPTER III 


CHARTS WITH NATURAL SCALES, BUT WITH 
ONE AXIS CURVED. 

Charts in which the axes are not all rectilinear may be 
constructed and often prove of service, particularly in the 
solution of equations. The chief disadvantage of this form 
of chart is the large 
amount of calculation 
necessary for the gradu¬ 
ation of the curved axis; u 

this t5q)e of chart may, | _ 

however, be adapted to M -- 

assist in the solution of "" 

many fonns of cqua- --N 

tions. ° UU 

In Fig. 26, let AB y/ | 

and CD be the axes of / ^ D 

u and V respectively, ^ ' f 

and let the curve EGF ^ 

be the axis of w, a -- - 

function connected with f—^ —~~— 

the other variables in a ^ 

particular way. Then ,_,q 

let it bo granted that 

u -|- vw = w' it being clearly understood that u, v, w, and 
in)' all represent functions, w' and w each denoting a dilTerent 
function of the same variable. For example, tlie typo of 
equation might be 3.1' -|- yz = 72*, or the more dinicuJl form 
-|- 6v^w == w^”’. 

Let AO be any convenient length, in inches, G be any point 
on the curve, and let MGN be drawn parallel to AG, anti Gif 
parallel to AB and CD. Also let AB represent jq, some 
particular value of u, to a scale of i" = li units, and let CD 
represent the corresponding value to a scale of i" — 
units. 


Fio. ue. 


Then AB ^ 


and CD 
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From the similarity of the triangles BGM and NGD 
BM _ ND 
MG”NG 

GH - AB CD - GH 


z. e. 


MG ■“ MN - MG 
and if Wj is written for MG and % for GH, 
«i — AB CD — n~. 




m — j;?! 


Substituting -p for AB and y ■ for CD, 


_ ^2 


nu 


Thus 


hhJZJix — 


m — OTji 
■ 


4 (m — 

— ~ %) “ — Ixl^Hxm -|- IxL^m^nx 

or — Wj) + v-J,xf>ix = Ixl^nuix. 

Dividing through by l^[m — nij), 

u 4-V h^>h __ l x»x >n 

^ %(■//» — nix) ~ 

This equation is approaching the form u -|- vi& — w' and can 
be made identical with it if be written in place of f 

I fl "JH 

and Wx in place of ^ (r&i and Wx' being tlio particular 

values of w and w' directly associated with the particular 
values Ux and Vx of u and v). 


Thus 


Ixntx 


Lx{iii — ni]j 

Ix/iix — 'Wxli>ii — tVxl-iiiix 

inx{lx "H Wi4) 
m 


or 


: vt)xt:jn 


_ vd^Wx 
4 -\- L^Wx 


nni>i 
f- -I- Wx 

Vvk 


so that for any particular value- of w the actual distance zw, 

I 

can be calculated, since m, and Wx would dl be Imown. 
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Similarly, an expression can be found for for 


whence 

but 

so that 


m — 


n. 


m-i 


mw^ 




[in — = m 


mwi 


? + 


m-^ “ 1 - mw-i — 

^2_ 


k 


+ 


Hence 


m 




lit = 


/ k 


w. 




k “1“ 


Thus, knowing ;% and for each particular value of to and 
io\ wc can obtain a series of points like G, and the curve througli 
them is the axis on whicia must be marked the values of w, 
'Fhc equation it + ™ occurs frequently, for u, v, w, 
and lo' represent functions and not the first powers of letters. 
As one particular illustration we can adapt this form of chart 
to solve the quadratic equation. 


Chart for the Solution of Quadratic Equations 

It lias been previously shown * that the general quadratic 
equation can be written as Ax^ + B;v + G == o, the roots of 
the equation being given by the formula 

" _ B ± VB2 -- 4AC 

- 


* Mathematics fov Engineers, Part I, p, 64. 
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Now if a and p be written for the roots, i. e. if 

2A 2A 

then ,+ 9 = =:E.. + . v'f:^-b-Vb^:^ ^ 

2A 2A 


and .p - (. 7- B + - 4AG )( - B - VB ^-^^C) 

4A2 

_B 2 _b 2 + 4AC C 

4A"2 ” A 

The equation Ax^ + Ba; + C = 0 may be divided through by A 
giving a'2 +ja; + ^ = o 

whence, by substitution from the above, 

— (a -|- ^)x aP = O 

or x^ — S.V + P = o 

where S stands for the sum of the roots, and P for their product: 
and it is with the equation in this form that we shall work. 

If — Sa' 4 - P = 0 then x^ = S.v — P, this evidently 
being of the type w' = vie) + u, taking the place of w', 
X taldng the place of w, S that of v, and — P that of u. Then 
the actual procedure for the solution of the equation can best 
be followed through a numerical example. 


Example i.—Construct a chart for the cqtiation 
— S.t' -|- P = o, 

the values of S and P each ranging from — 20 to 20. 

Draw two vertical lines (Fig. 27) ;; inches apart, and from 
some convenient horizontal line as the line of the zero values 
set out scales for P and S along thc.se axes, in opposite direc¬ 
tions because — P takes the place of n, using the scale-value 
1" —10 units. 


Thus 


m ■■ 


3 > 4 = 4 " ^ = I. 

*'•» 


Proceed to calculate the co-ordinates of the points on the 
curve which is to be the axis of x, in the following manner :— 




nix 


-[- X 


and 


I, 


“j"" 


fn 


3^ j a;- 

^'1 = n . = —™-r— 

I + a; 1 10 + lox 


1, e. 


PQK 




VALUES OF P 
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The tabic of vaUies is calculated tlius :— 


.V 

1 -N 

'///i 

A'2 

10 -1- -I**'!’ 


*5 

T*5 

I 

■25 

15 

•017 

] 

2 

J’5 

I 

20 

•05 

2 

3 

2 

i 

30 

■ ‘ 33 

3 

4 

2-25 

9 

40 

*225 

4 

5 

2*4 

It") 

50 

*32 

5 

6 

2*5 

25 

60 

'417 

lo 

Ii 

2*73 

100 

no 

* 9 X 

20 

21 

2' 8(5 

400 

210 


30 

31 

2*91 

900 

3 TO 

2'9X 

‘|0 

41 

2*93 

1600 

410 

3*92 

50 

51 

2*95 

2500 

510 

4*92 
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Plot these values, those of along the horizontal line 
and towards the right, and those of Wj vertically downward, 
marking each point so obtained with the value of x for which 
it was determined; and draw in a smooth curve through this 
series of points, this being the axis of x. 

To Use the Chart. —(a) Let it be required to solve the 
equation 

— 8:»; 4 -15 = 0. 

Comparing this equation with the standard form, we see 
that S = 8 and P = 15. Hence join S = 8 to P = 15 and 
note the points at wliich this Ime cuts the axis of x, viz. at 
X — 3 and X — 3: then the roots of the equation, are 3 and 5. 

{b) To solve the equation x^ ^x — 5 = 0. In this case 
S = — 5, and P = — 5, and two lines arc drawn on the 
diagram, although one would suffice. Joining — 5 on the 
axis of S to — 5 on the axis of P, we have a line which inter¬ 
sects the curve at the point where x = >86. By joining -|- 5 
on the scale of S to — 5 on the scale of P, we find the inter¬ 
section with the curve at 5-86; but since to obtain tliis line 
we changed the sign before S, we must change the sign before 
this value, calling the roots -86 and — 5-86. 

Actually the second line is unnecessary if use is made of 
the fact that S is the sum of the roots, so that if one root is 
found to be -86, and the sum of the roots is known to be — 5, 
then the other root must be — 5'86. 

(c) To solve the equation x^ — g.v — 10 == 0. Here 8 = 9 
and P = — 10 and the line (c) joining these particular values 
gives, by its intersection with the curve, the positive root 10. 
By altering the value of S to — 9 and joining this point to 
P = — 10 we find a value of .v, viz. -|- i, from which we can 
say, according to the reasoning given above, that Die roots 
are -f- 10 and — i. 

(d) To solve the equation -|- I 2 ;v; -|- 20 = 0. In tins 
case the roots arc obviously hotli negative, since their sum is 
— 12 and their product is -|- 20. lluis we must proceed to 
find the positive values of x (in reality the roots of the lifiuation 

— I2X + 20 = o, which are equal nvmcrically to those of 
the equation x~ -|- 12.1' -|- 20 -- o) and then change both the 
signs. Thus although S == — 12 and P = 20, we join S = -1- 12 
to P = 20 to cut tlie curve at x == 10 and 2, and write down 
the solutions as a; == — 10 or ~ 3. • 

Thus the various forms of equation have been considered 
and it msfy be advisable to repeat the procedure to be followed 
under the various conditions, in the form of a summary:— 
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f Case I. —S and P both positive. Join S to P and note the 

‘ two points of intersection with the axis of x. If the roots are 

equal the line touches the curve at one point only : and if S 
; is less than V4P the line does not cut the curve at all, the 

! roots being imaginary. 

Case 2.—S and P both negative. Join the S and P values 
as given and note the point of intersection with the axis of x : 
this is the value of one root and subtraction from S gives the 
other root. 

Case 3.—S positive and P negative. Join S to P and note 
the value at the intersection with the axis of ;v: this is the 
positive root and by subtracting it from S the other root is 
found. As an alternative method, join — S to P and so obtain 
the negative root. 

Case 4.—S negative and P positive. Join — S to P, note 
the points of intersection and place the minus sign before each 
of these values. 

A nomogram for the solution of quadratic equations, but 
of a rather different type, may be interpolated here; it is, 
however, by no means so useful as the type just discussed. 

It has been shown * that the equation A.\:'^ -|- B.v -|- C — 0 
can be solved by plotting the curve y — -|- B.t -|- C and 

noting the values of x at the points of intersection of tlic curve 
and the x axis. It is equally good to write tlic equation as 
Ax^ = — — C, to plot the parabola jq = Aa:“ and the 

straight line y2 = — B.r — C, and to note the :v va.Uies at the 
points of intersection of curve and line. By a slight modi¬ 
fication in the placing of the graduations this laltcu' method 
can be transformed into a nomogram for the st)liiLion of 
quadratic equations. 

As shown on p. 40 the general ([uadratic may be written as 
— S-K -|- P = 0 

whence = S.v — P 

which equation can be solved by determining the; intersce.tions 
of the parabola and the straight line jq. -- S.v — P, 

the slope of which is S and the intercept on the vertiiuil axis 
through the origin is — P. 

To adapt this diagram to the form of nomogram desin^d, 
it is first necessary to mark the points on the curve 
with t],ie X values, instead of marking the x values along the 
horizontal axis. Thus, for example, the point (2, 4) would 
simply be denoted as the point at which the marlqng 2 is 


* Mathematics for Engineoys^ X^art I, p. 176. 
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placed, and the graduation of the curve would be made by 
erecting verticals from the x axis to cut the curve (Fig. 29). 

Along the vertical axis is indicated the scale used for 
in the construction of the parabola, but with the minus signs 
placed above the horizontal axis instead of below it, this 
vertical axis so ^duated serving as the axis of P. Tlurough 
the I on the original horizontal scale, and thus through i on the 
parabola, is drawn a vertical axis, along which are marked the 
values of S, the same scale-value being used as for the axis 
of P, but the positive values being above the horizontal axis. 

Then it is evident that a line joining the origin to some 
marking on the S scale has a slope of S, since it rises or falls 
an amount S for a unit change in a horizontal direction. Also, 



if a line parallel to this line is drawn through a marking P. 
this line must have a slope of S and an intercept of — P, 
since the graduations along the P axis are positive downwards 
instead of upwards. Hence the inter.scction or intersections 
of this line with the curve give the solution or solutions of the 
equation — S:j; -|- P = o. Thus in Fig. 28 ADE is the 
curve representing the equation y = x^, AF = i horizontal 
unit, and GDE is parallel to AB. Now if FB represents some 

value of S and AC some value of P, the slope of AB = 

S 

= - = S and the intercept of the parallel line GDE is, aceprding 


to the ordinary convention, — P, so that the equation to tlic 
line GDE is y = Sa' — P, and the x, values at D and E are the 
roots of the equation — Sa: -H P = 0. 
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To illustrate this method more clearly, Example i, p. 40, 
is repeated. In Fig. 29 the axes of P and S are parallel, and 



are graduated to the same scale, but in opposite directions, 
and the curve y ~ is shown plotted for values of \ ranging 
from — 3 to + 4’5, these values of x being marked along the 
curve. 
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Then to Use the Chart. — (a) To solve the e<iiiiiti(»n 

— 8:ir + 15 = 0. Here S = 8 and P = 15 ; hence join tlio 
point A to 8 on the scale of S and through P 15 draw a 
parallel to this line to cut the curve at ^ = 3. The diagram 
is not extended enough to show the other point of inter¬ 
section, viz. at X = 5, but it is not really necessary that this 
should be so, for if the sum of the roots is 8, and one root is 3, 
the other must be 5. 

(b) To solve the equation a;® -1- 5 a: — 5 = o. In this case 
S = — 5 and P = — 5. By joining A to S = — 5 ^'■nd then 
drawing a parallel through P = — 5, the value .r == -86 is 
found at the intersection of line and curve. Thus the two 
roots are -86 and — 5 — '86, i. c. — 5-86. 

(c) To solve the equation x^ — gx — 10 — 0. Here S = 0 
and P = — 10, and the procedure is indicated by tlu^ lines (c) 
on the diagram, the intersection with the curve being at 
AT = — I. Thus the two roots are — i and 9 — ( — i), c . 10. 

{d) To solve the equation a:®- f-I2;v-|-20 = 0. Here 
S = — 12 and P = 20 and a solution a: = — 3, is indicated 
by the lines {d), the other root being — 12 ~ (— 2), /. c. — io. 

It will be seen that these methods for the: solution of 
equations can be used for equations other than quadratics, 
provided that the equation has the form P''(a;) -f- mx -|- c -- o, 
where F(a;) is any function of x. 

A useful example of the type of chart discussed on ]i. 37 
concerns the equation connecting tlie diameter of a circle 
with the length of chord and the height of arc. 

Referring to Fig. 30, in which a = half the chord of tlie 
arc, h = height of arc, and d = diameter of circle. 



d'^_ , , ... ,, 

4 4 

whence dh — a? ~ Ifi 

which is of the form vw -f- u — w', 
so that a chart can readily be eonstructed. 

Chart giving Length of Chord of Circle • 

_ ExamJ>le 2.—Construct a chart to give valiu:s of t \ it; vuriahlii.s 
in the equation = dh, a ranging from o to 10, and 

,d from 0 to 50. 
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The transposed eqnation is dh — — h^, so that d takes 

the place of v, h the place of w, — the place of u, and 


VALUES OF 
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Draw the parallel axes AB and CD (Fig. 30) 3 inches ap<irt. 
(This distance is chosen as a matter of convenience and has 
no significance.) Regarding A as the position of the zero of 
the scale of a, draw the line AO to cut the axis CD, its lengtli 
beitig exactly 6 inches : thus w = 6. Now a varies from 0 to 
10, so that has a maximum value of 100: liencc set out 
along AB a scale of a®, taking the scale-value 4 = so. From 0 , 
but in a downward direction, set out the scale of d, an evenly 
divided scale, with l^ = xo. .,17 

Then, substituting for and w-y' their particular values hy 

and V> we have 

mhy 

% = 2-L_ 

f-Vhy 

hy^ 

«1 = 


and 

and, since 


4 + lifh 
4 = 20 , 4 = m — 6 

6}ly 


m, = 


2 H“ 

_. 

20 -P iolly 

and the tabulation of a few values is as follows 


= 


*1 


20 lo/^i 


>h 

*5 

*25 

25 

I ’2 

'OI 

7 

*49 

27 

1-56 

*t> 1 8 

I 

I 

30 

2 

*‘>33 

2 

4 

40 

3 

'1 

3 

9 

50 



4 

16 

60 

4 

•20(1 

5 

25 

70 

4*28 

*3r>9 

6 

36 

So 

4*5 


8 

64 

100 

4-8 


10 

100 

120 

5 

*«33 

20 

400 

220 

5-4f> 

1*82 

30 

goo 

320 

5-<>4 

a *813 


Plot the values of my from A along AC and the value.s of 
riy vertically downward; draw a smooth curve through Hu: 
points so obtained and mark the various points for the values 
of h from which they were calculated. " 

To,Use the Chart.— [a) Given the length of the chord 
= 16", and the height of the arc = 2", to find the diameter 
of the circle. 
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Plere a —% and h—.2: hence join 8 on the axis of a 
to 2 on the curve and produce the line to cut the axis of d 
at 34. Then 34 inches is 1 the required diameter. 

(i) Given that h = 3" and d — 30", to find a. Join 30 
on the axis of to 3 on the curve and produce the line to cut 
the axis of a at the required value, viz. 9. 

(c) Given that d = 30" and a = 4'5", to find h. In cases 
where a value of h is sought, it must be remembered that the 
chart should give the two possible values of h, viz. the solutions 
of the quadratic equation — dh = o •, the heights 
being respectively that of the arc greater, and that of the 
arc less, than a semicircle. Thus the line joining d — 30 and 
a = 4-5 cuts the curve at the two points for which A = -7 
and h = 29-3, the sum of these results being equal to the 
length of the diameter. 





CHAPTER IV 


CHARTS INVOLVING LOGARITHMIC 
PLOTTING. 

The charts illustrating the general equation w == it - 1 - v 
and the modifications of it ah'cady indicated, for which tlu; 
plotting has been of natural scales only, have a limited nst'ful- 
ness. In the majority of formulm of value to the engim;or, 
products and quotients of the variable quantities occur, whilst 
in many instances also the products arc of powers of the 
variables. It is therefore essential that the method of con¬ 
struction of charts suitable for these conditions shonhl bo 
explained; and it will be shown that the fundamental change 
in the procedure is that natural scales arc replaced by 
logarithmic scales. 

Thus, if ab = c log a -j- log h = log c 
or u -\~v — 'w 

if u, V, and w are written in place of the logs of a, h, aiul c 
respectively, and consequently the chart takes the form of 
three parallel axes all carrying logarithmic scales. 

Charts involving logarithmic plotting are in gcmeral more 
difficult to construct than tho.se with natural scales, Imt, if 
the work on functional scales (sec Chapter I) has beim can'fully 
followed, the fundamenttil trouble has 1 ')een I’omuved. 'I lie 
chief objection to these charts is the amount of labour and 
time expended in reading the logs from the tables and tlu! 
conversion of the logs to actual distances according to the 
particular scale-values chosen. Much of the time, lK)W'<;vcr, 
can be saved by the construction to a large scede of the diagi'am 
shown in Fig. 31. 

A horizontal line AB is drawn of some convenient hmglh : 
in Fig. 31 AB = 5 inches. The vertical axis BC is carefully 
and minutely graduated, the scale being logarithmic and the 
scale-value I being chosen from a consideration of the sptice 
available and the size of charts for which the scales ar<j to be 
used. . In the diagram, I is taken as -3, i.c. 1" represents 
•3 unit of logs, or 3^ inches represent i unit of logs, i. c. the 
distance from the marking for i to the marking for 10. 'I he 
* * 50 
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also if 4 is the scale-value along DE, DE = t- 

I',,. 


so that 


whence 


4 X AIJ lx AB 

4 = ^X^S 


Thus, for the vertical GH, w'here AG = 4 inches 

whilst if a scale-value of -6 unit per inch is desired, it is 
necessary to draw the vertical MN so placed that 

AM = = "SAB = 2l inches. 


Fig. 31 can also be utilised to give powers and roots : thus 
if a horizontal line be drawn through 3 on the axis BG, it cuts 
the consecutive equidistant verticals at the points 3-949, 6-24, 
15-59, 243, which are respectively the values of 34 34 

34 and 3®. Incidentally, this horizontal shows tliat 

15-59 = 3 ® = V?= V243; 

It is probably more convenient in practice to space the 
verticals so that the scale-values are suitable, rather than to 
erect the ordinates at equal intervals. The base line is then 
graduated according to the scale-values, as shown in Fig. 32, 
the method of construction of which should be apparent from 
the reasoning already given. 

Occasionally the semi-logarithmic paper which can be bought 
may be used with advantage in the construction of these 
logarithmic charts. This paper is divided in one direction 
according to a logarithmic scale, and in the direction at right 
angles the divisions are equal. To derive the gi eatest benefit 
from the use of this paper it is desirable to employ it in cases 
in which it is convenient to use the same scale on the outside 
axes. Thus it would be very suitable for the chart tiv — w it 
the same scale-value was adopted for both the u and the v axes. 

It is now possible to proceed to the construction of charts 
to assist in multiplication of functions of the variable quanti¬ 
ties ; and instead of taking an example of the most elementary 
kind, i, e. one in which the equation is of the simple form 
w = m (a worked example of tins type can be found in 
Mathematics for Engineers, Part I, Chapter XI), -iVc shall 
apply our working to a case of slightly greater difficulty. 
Also this first example will be worked by two methods, so 
that a comparison of the two forms of chart can be fhade. 
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The chart for the equation w — nv, or its modifications, is 
of exactly the same character as that for the equation ze> = « + u 
in so far as concerns the relation between the scale-values 



and the disposition of the axes; thus L = L-{- L and = 

1 . ^ Wa L 

but it differs by reason of the fact that the scales along the 
three axes are logarithmic and not natural scales. 
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Charts giving Weight of Silicate Grinding Wheels 

Example i.—Construct (A) an alignment chart 
and (B) an intercept chart 

to give the values of the variables in the fonnula 

1X7 X ^ 

-- j-y 

where W is the weight in lbs. (of silicate giinding wheels) 
d is the diameter in inches 
and t is the thickness in inches 

the range of the diameter to be from i" to 12" and the thiclaiess 
to vary from to 


(A) Draw the axes of d and t (Fig. 33) 3I" apart and 
graduate them according to the following scheme :— 

For the axis of d, the range of values of d is from i to 12, 
so that d^ varies from i to 144 and log or 2 log d, varies 
from o to 2*1584. If 4*3168 inches be taken to represent this 
range the scale-value is *5, and the table of distances is :— 


(1 . 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

n 

12 

log (i . . , 

0 

•301 j -4771 

•r»o2i 

•C99 

‘77ii2 

*8451 

*9031 

‘95-12 

X 

1*0.|I.I 1 1*0793 

2(logi/ — lOgi) 

0 

•603 

♦9S42 

I'3042 

i*3q8 

1*5.564 

1*6902 

1*8062 

1*9084 

3 

2*0828 

3*1384 

Distance from I 
A (iiicliiis) . / 

0 

I'304 

i-()08 

2*408 

2*796 

3*113 

3*380 

3*613 

3*817 

4 

4*iG6 

4*3^7 


the figures in the fourth line being obtained from those in the 
third line by dividing the latter by the scale-value *5. 

For the axis of t, the range required is log >1 — log 
i. e. *7782, and a suitable scale-value is *2; hence the graduation 
of the axis can either be determined from a table in which the 
vulgar fractions are first converted to decimals, as 


/ . . . , 

A 




a 

H 

I’iV 

h 


ft 

n 

11 

log /. . . 

1*0969 

1*2729 

1*39/ . 

’^•4949 

■i’574 

1*6410 

V ( u } i } 

T*7ri«>* 

1*7959 

1*8373 

1*8751 

Difterenoe \ 
of logs . / 

0 

•1760 

-3010 

*3980 

•4 771 

•54 4 ^ 

j *6021 j 

•6532 

1 -699 

•7404 

•77«2 

Distance \ 
from 13 / 

0 

*88 

1-505 

1*99 

2*386 

2*721 

1 3*011 

3*266 

3*495 

3*702 

3*891 


or use may be made of a chart of the form shown on^p. 53, 
it being remembered that the fractioirs -i'Vj etc., "are in 
the proportion i, 1*5, 2, etc., so that the distance from the 
marking for J to that for , for example, is the distance from 
I to 5 on a *2 scale. 










Join A to B and note the point in which this Ime intersects 
the axis of W; the marking to be placed here is -009616, since 

j2 

W = — X i, but it is easier to fix first the distance from this 

13 

point of the marking for -oi and then graduate the axis, taking 
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the scale-value *7, than to graduate directly from the -oogdid 
mark. The distance of the -oi mark from the ’009616 mark 

is 009616 ^ ^ .0243 inch: and the graduation 

of the axis presents no difficulty. 

To Use the Chart.— {a) Find the weight of a wheel of 
diameter 5^" and thickness Join ^^ = 5| to ^ to 

cut the axis of W at i’309 : the weight is thus 1*309 lbs. 

(6) Find the diameter if the weight is 6-3 lbs. and the 
thickness is Join t = JJ- to W = 6*3 and produce to 

cut the axis of (Z at S = iO’9i. 

(B) The form of Intercept Chart employed is simply a 
combination of two graphs, placed side by side. Its construc¬ 
tion is simpler than that of the alignment chart, but the 
method of its use is more involved. 

If W = - - , we may write W = M x where M is 

written in place of d^. 

Now plot M against d in the left-hand portion of the 
diagram, as shown in Fig. 34, thus obtaining a parabola. 
Then if t is constant W varies directly as M, so that for each 
value of i a straight line can be drawn to coiTelate W and M. 
The origin must be one point on each of these lines and a 
second point may be obtained by a simple calculation. Thus 

if M = 104, W = — 8i( and consequently a scries of 

points must be marked along the horizontal through M = 104 : 
for example, if ^ = J-J-, 8if = 5-5, and the line joining the 
origin to the point W = 5’5, W = 104, must be marked as 
that for i = JJ- In the same way, other lines may be drawn. 

To Use the Chart. —(a) To find W when d — 5.} and 
^ = tV’ Erect a perpendicular through W = 5*5 to meet tlie 
parabola, draw a horizontal through the point of meeting to 
cut the line marked t — and drop a perpendicular to the 
scale of W, reading off the value as 1-309. 

ip) If W is 6’3 and t = {-J-, to find d, draw a vertical through 
6’3 on the scale of W to cut the line for whicli t = } through 
this point of intersection draw a horizontal to intersect the 
curve and finally project down to the required vtilue on the 
scale of d, viz. iO’9i. 

In this particular example the intercept chart is the ^easier 
to construct, the alignment chart is the easier to use, while 
there is little to choose between the two forms of chart as 
regards the amount of space required for the same degree of 
accuracy. 
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Fig. 34.— ^W^eight of Silicate Grinding \^Tieels. 
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Chart giving Thickness of Engine Cylinder 

Example 2.—If T = the thickness of the barrel of a steam 
engine cylinder (in inches) 

D = diameter of cylinder (in inches) 

and K is a constant depending upon the steam 

pressure, various values being 

I for a steam pressure of 160 lbs. per sq in. 

*8 ,, ,, ,, 120 ,, ,, 

•6 „ 80 ,, 


To design a chart to express this equation when D varies 
from 5 to 30 and K varies from ’2 to i, i. e. the steam pressure 
varies from about 30 to 160 lbs. per sq. in. 

It is fimt necessary to transform the equation so that 

T - -3 = K X — 

20 

whence, by taking logs 

log (T — -3) = log K + log ^ 


D ranges from 5 to 30 

D 

-- ,. „ *25 to 1-5 


D _ 

and log — „ „ i'3979 to '1761, i. e. about -S unit. 

4U\J 

If we let 4" represent -8 unit of log — then i" = -2 unit and 
thus — -2. 

Again K varies from *2 to x and log K from T-30i to o, a 
range of about *7 unit, so that the same scale-value will be 
convenient for this axis : thus l,^ = -2. 

Also /g = 4 == *4 m-y = since 4 == h- 

The axes for D and K are drawn 3" apart (see Fig. 35) 
and the axis of T is placed mid-way between them. 

The manner of setting out the three scales will be under¬ 
stood from the tables following, in which a few points only are 
indicated. 

For the Axis of D. —^'fhe virtual zero is at D = 5 and 
the distances from this marldng must be calculated from the 

differences between the valxres of log ™ and log It should 

° 20 ° 20 
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be evident, however, that there is no real need to calculate 

values of and log since 
20 20 

log £ - log ^ = log D - log 20 — log 5 4 - log 20 
= log D - log 5. 



Fig. 35.—^Thiclmoss of Engine Cylinder. 


Now lx = -2 SO that the actual distance from the marking 
at 5 to the marking at ^ = 5 X difference 

of logs, and the table of values reads:— 
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D. 

5 

8 

10 

1 1^3 

15 

20 

25 

30 

logD. 

•6990 

•9031 

z 

1 1*0792 

1*1761 

1*3010 

1*3979 

1*4771 

log D - log 5. 

0 

■2041 

•3010 

’ *3802 

•4771 

•G020 1 

•6989 

! *7781 

Actual distance from A (inches) 

0 

1*0205 

1*505 

{ I- 90 Z 

2-3855 

3*01 1 

3*4945 

3*8905 


For the axis of K, *2 is taken as the zero marking, and 
4 = ’2, so that the distance from B of a marking Kj 

log Ki—log -2 

•a 

= 5 (log Ki - log -2) 
and the table of values is 


K . . , . 

. .1 . 

•3 

•4 

•5 

•6 

-7 

•8 

*9 

t 

logK . . . 

. . ! 1*3010 

T* 477 i 

1*6021 

1*6990 

1*7782 

1*8451 

1*9031 

1*9.542 

0 

log K — log *2 . , 1 0 

•1761 

•301 r 

*3980 

■4772 

- 544 ^ 

•6021 

*6532 1 

*6990 

Actual distance from I 1 _ 

B (inches) /1 ° 

•8805 

■ 

1-5055 

1 

1*99 

2*386 

2*7205 

3*0105 

3*266 

3*195 


The line AB may be regarded as the line of virtual zero values, 
and the value of T at its intersection with the axis of T must 
be found to serve as the zero for the graduation of that axis. 

At A, D = 5; and at B, K = -2, 

hence T (at C) = + .3 = .35, 


so that at the point C must be placed the marking -35 and all 
the distances can be calculated from C. taking the scale-value 
4 = '4'> fli6 table of values being:— 


T. 

■35 

'5 

I 

I ’5 

1 *8 I 

T --3 . . . . 

•05 1 -2 

*7 

1*2 

.•5 1 

log (T - -3) . . 

2*6990 ; 1*3010 


*0792 

•i 7 <.u 1 

log(T--3)-log-05 

0 1 *6020 

1*1461 

1*3802 

i-,) 77 i 

Actual distance) 
from C (inches) / 

0 ’ 

1-505 . 

2 - 8 f 35 

3 ‘ 4 . 5 I 



cn Use the Chart.-—(a) If the pressure is 80 lbs. per 
thickness is -5", what is the diameter of the 
cylinder ? When the pressure is 80, the value of K is -6 • 

iSrt'f.iTh ^ “> -S »” "f T irn'i 

™^ tlio dmmeter 


r 
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(b) Given the diameter = 30" and K = i, to find the 
thickness. Join 30 on the axis of D to i on the axis of K 
to intersect the axis of T at the marldng for the required 
thickness, viz. i-8 inches. 



Chart giving Resistance of Platinoid Wire 

Example 3.—^The electrical resistance R ohms of platinoid 
wire of diameter d cms. and length I cms. can be found from 
the formula 

p _ -00005578^ 

- 
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Construct a chart to give the resistance if the length varies 
from 10 cms. to ij metres, and the diameter varies from 'Oi 
to ’I cm. 

Writing the equation in the log form 

log R = log *00005578 + log I — z log d 
or log^ — 2 log = log R — log *00005578 

so that the axis of R may be placed between those of I and d, 
provided that the axis of d is graduated in the opposite direction 
from the axis of 1 . 

Now I ranges from 10 to 150, log I ranges from i to 2*1761, 
i. e. a difference of about 1*2 units : let 4" represent this range, 
so that = *3. 

Also d varies from *01 to *1, log d from 2 to T, and 2 log d 
from 4 to Z, a range of 2 units : hence a suitable scale-value 
is 4 = *5. 

Then L = L -j-L = *3 -f *5 = *8 and = = --5 = ^ 

® ^ ® OT2 4 *3 3 

so that, if m = 3", = -g- X 3 = is" 

The axes of I and d are spaced 3" apart, the graduations 
along the former being from A upward, and along the latter 
from B (which is any convenient point) downward. 

For the axis of I, the distance from A for a marking 100, 

for example, = _ 3-333" and the table of 

values for a few points is 


7. 

10 

20 

30 

40 

50 

80 

TOO 

120 

150 

log/. 

r 

1*3010 

1*4771 

1*G02I 

1*6990 

1*9031 


2*0792 

2*1761 

log 7 -- log 10 . . . 

0 

•3010 

*4771 

•60211 

*6990 

*9031 

1 ^ 

1 1*0792 

1*1761 

Distance from A (inches) | 

0 

1*003 

1*59 

3*007 

2*33 

3*010 1 

3*333 

1 3*597 

3*921 


For the axis of d, i" = *5 unit o:^ 2 log d and the virtual 
zero is at = *ox, at the point B; hence the table reads 


d . 

•01 

•02 

•03 

*04 

*05 

*06 

*07 

•08 

•09 

•I 

log d . 

S 

5*301 

5*4771 

5*6021 

5*699 

5*7782 

5*8451 

5*9031 

'5*95*12 

T 

slogd . ... 

'4- 

4*G02 

4-9542 

a*2042 

5*398 

5*5564 

3*6902 

3*8062 

3*9oH.j 

5 

2 (log <7 *-log *01) 

0 

•602 

•9542 

1*2042 1 

1*398 

1*5564 

1*6902 

1*8062 

1 1*9084 

2 

Dislnncc from B \ 
(inches) . , . J 

0 

1 

1*204 

1*9084 

2*4084 

2*796 

3*1128 

3*3804 

^ 3*6124 

1 

3*8i68 

4 


The line AB cuts the axis of R at G, and the value of R to be 
indicated here is 5*578, since 
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the required value of R = = 5-578. 

Now ^3 = -8 and thus the table reads 


R. 

5-578 

I 

2 

3 

4 

5 

10 

20 

50 

logR. . . . 

•74C5 

0 

•3010 

•4771 

•r)02i 

•C99 

X 

1-301 

1-690 

log R ~ log 3-578 

0 

-•7465 

—4455 

—26(J4 

— 1 - 1-14 

—0475 

•2535 

•5545 

•9525 

Distance Irotu C 1 
(inclic-s) , j 

0 

—933 

—557 

—337 

—1803 

—0594 

•317 

■693 

1-1906 


To Use the Chart. —(a) Find the resistance of 120 cms. 
of platinoid wire of dia. -05 cm. Join 120 on the scale of I 
to -05 on the scale of d to cut the axis of R at the required 
resistance 2-677 ohms. 

{h) What length of wire of dia. *028 cm. has a resistance 
of 2 ohms ? Join -028 on the axis of r? to 2 on the axis of R 
and produce the line to cut the axis of I at the required length, 
viz. 28-11 cms. 

(c) To find the diameter of the wire, i metre of which has 
a resistance of 10 ohms. Join 100 on the axis of I to 10 on 
the axis of R and produce the line to cut the axis of d at -02362. 

The next Example gives a chart of the same form as that 
in Fig. 35, but the calculation necessary for its construction 
is rather more involved. 


Chart for Lloyd's Rule for Furnace Tubes 

Example 4.—Lloyd’s n,dc for the thickness of Morrison’s 
furnace tube is 

•D 1259(16^ - 2) 

U 


where P = pressure of steam in lbs. per sq. inch 

D = diameter (in inches) outside the corrugations 
and i = thickness of metal (in inches). 


Construct a chart to give values of the thickness when P 
varies fiom 20 to 200, and D varies from 10 to 50. 

The equation may be written as 


or 


PD 

1259 

P » 

20 62-95 


= (i6i — 2) 
= (i6i{ — 2) 


which is evidently of the form uv == w. 
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Thus 4 = *2, ^3 = + 4 = *4 and mi = Wg = \m. 

Drawing our axes for P and D, 3 inches apart (Fig. 37), we 
proceed to graduate them, using the following tables, it being 

p 

only necessary to deal with log P and log D and not log — and 

20 


log for the reason explained in Example 2, p. 58. 

For the axis of P, 4 = *2 and P = 20 is the virtual zero, 
and the table is 


p. 

20 

30 

40 

50 

60 

70 

80 

90 

100 

150 

300 

log P ... 

1-301 

1-4771 

1-6021 

1-699 

1-7782 

1-8451 

1-9031 

1*9542 

3 

3-1761 

2*301 

log P — log 20 . 

0 

-1761 

•3011 

•398 

•477a 

•3441 

-602X 

•6532 

•699 

•8751 

I 

Distance from \ 
A (inches) . / 

0 

•881 

1-506 

1-99 

2-386 

2-721 

3-0II 

3-266 

3*495 

4*376 

5 


For the axis of D, 4 = *2 and the virtual zero is at D = 10; 
and the table is 


D. 

10 

15 

30 

23 

30 35 

40 

45 

50 

logo. 

I 

1-1761 

1-301 

1*3979 

1-4771 1 1-5441 

1-6031 

1-6332 

1-699 

log D — log 10 . . . 

0 

1 -1761 

*301 

*3979 

•4771 1 -5441 

1 -6021 

•6532 

•699 

Distance from D (inches) . 

i 

0 

• 88 i 

1*505 

1*99 

3-386 1 2-721 

3*011 

3-266 

3*495 


A starting value for the t axis can now be found by a 
simple calculation:— 

P D 

i- X7-^ = (x6^-2). 

20 62-95 ' ’ 

If P = 20 and D = 31-48 

(16I - 2) = I X -5 = -5 
161! = -5 -1- 2 = 2-5 

and ^==-1563. 

Hence, if P = 20 be joined to D = 31-48, the point of 
intersection G with the axis of I must bo marked -1563 and 
then all distances can be calculated as from G; the table 
being set out in the following manner;— 


t. 

*1563 

•14 

*15 

•175 

-2 

■25 

•3 

*4 

■5 

•6 

r6i — 2 . . . . 

*5 

•34 

•40 

•8 

1-2 

2 

2-8 

4*4 

r> 

7*0 

log (16/ — 2) , . 

1*699 

1-3802 

l’0O2I 

1-9031 

•0792 

*301 

'44 72 


-7782 

*8808 

log (i6i—2)—log -5 

1 



BiH 

•3802 

■602 

■7482 

*<)445 

1-0792 

x*x8x8 

Distance from G \ 
(Indies) . . f 

0 

- -797 

— *243 

*51 

•951 

1*505 

1-871 

2-361 

2*698 

2*955 


F 
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To Use the Chart. — (a) Given that P = 200 and D = 30, 
to find t. Join 200 on the axis of P to 30 on the axis of D to 
cut the axis of t at the required value, viz. ‘423. 

(b) If D = 15, and t = -25, to find P. Join D = 15 to 
t — *25 and produce the line to cut the axis of P at P = 167-9. 

Chart giving Gross Discounts 

Example 5.—Construct a chart to give gross discounts G 
which are dependent on two other discounts x and y, the 
relation being x -f- y — -oixy == C, the values of x ranging 
from I to 100, and those of y from o to 50 (Fig. 38). 

It is not possible to get a very simple chart to represent 
this equation as it stands, but if the equation is transposed 
a chart can be constructed which, while not completely satis- 
f5/ing the original equation, assists in its evaluation. 

Thus X + y —oixy = G 

x{x —oiy) = C — y = K 
and log X + log (i —oiy) = log K 

Hence a chart may be constructed to give values of K, 
and from these values of K those of C may readily be found 
by adding the particular values of y. 

Detailed description of the graduation of the axis of x is 
not necessary, since the scale is a simple logarithmic scale, 
with 4 = -4. For the y axis, it is best to make a table first; 
and the scale-value may be taken as -i, since the range of 
values is from log (i — -oi x o), i. c. o to log (i — -oi x 50), 
i. e. 1-699, or 'Sor unit. 

Thus 4 = ■ 4 > 4 = 'r. 4 — 4 + 4 = ‘5> if in ~ 3", 
^ X 3 = -6". Then for the axis of y the tabulation is 


y . 

0 

5 

zo 

15 

20 

25 

30 

35 

40 

45 

30 

(1—013^) . . . 

I 

•95 

■9 

•85 

•8 

•75 

•7 

•05 

*r» 

•55 

•5 

log (1--oiy) . . 

0 

1'9777 

T'9542 

1*9294 

1*9031 

1*8731 

1*8451 

1*8129 

1*7782 

I*7.|n,| 

1*499 

log (i—‘Oiy)— log I 

0 

— *0223 

- -0458 

— *0706 

— *0969 

- 

“ •1.349 

- *1871 

— *2218 

- *25'/' 

— *301 

Distance from A \ 
(downwards) . / 

0 

^223 

*438 

■70G 

*969 

1*249 

1-549 

1*871 

2*218 

2-59^' 

3*01 


The easiest way to ^aduate the axis of K is to join 0 on 
the axis of y to the various marldngs on the x axis. Thus if 
y = 0 is joined to x = 3, the intersection of this line with the 
axis of K must be marked 3, for K = x{i — -oiy) == 3(1 — 0) = 3. 

To Use the Chart. —(a) If ar = 20% and y = 10%, to find 
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C. Join a; = 20 to y = 10 to cut the axis of K at 18 : then 
C = K -|- y = 18 -1- 10 = 38%. 

(6) If C = 30% and y = 5%, to find a;. K = C - y = 
30 — 5 = 25 : hence join 5 on the y axis to 25 on the axis of 



Fig. 38. 


K and produce the line to cut the x axis at the required value, 
viz. 26>3I. 

The sphere of usefulness of this type of chart can be en¬ 
larged by the inclusion of fornnda: dependent upon the. trigono- 


i 
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metric functions. For charts of this type the general, method 
of procedure is the same as that already described, but the 
functional scales are of the character indicated in Fig. 4. 

Two examples of this type are introduced here, the first 
being worked by two methods so that a further coinparison 
may be made between the alignment chart and the intercept 
chart. It will be seen that whenever awkward powers of 
the variables occur in the formute the calculation necessary 
in the construction of the intercept chart is not much less 
than that needed for the alignment chart, whilst the latter is 
considerably easier to use. The intercept chart is of value in 
such simple cases as detailed in Example i, p. 54, but for 
general usage the alignment chart is to be preferred. 


Charts giving Flow of Water over a Notch. 

Example 6.—^The quantity Q of water, in cu. ft. per sec., 
flowing over a triangular notch can be found from the formula 

Q = 5I tan I Vig 
where H = head at the notch (in feet). 

Construct (A) an alignment chart, and (B) an intercept 
chart to give values of Q as ^ varies from 30° to 90° and H 
varies from -i to 1*25. 


(A) 


Q = Aviitan|.H« 
= 4'28r tan|.H® 


or 


Q 

4-28 i 

In the log form log Q 


tan —. 

2 

Q 

■ log 4-281 = log tan — + 2*5 log H. 
2 


6 6 
Then, 6 varies from 30° to 90°, - from 15® to 45® and log tan - 

from 1-4281 to o, a range of about -6 unit: hence 4 may be 
taken as -i. Also 2-5 log H varies from 2-5 log -i to 2-5 log 1-25, 
i. e. from 2-5 x i to 2-5 X -0969, a range of about 2-7 units: 
hence ^2 may be taken as -5, 

Thus 


4 = 4 + 4 = + '5 = '6 == -I or nu = -I- of m, 

IHq o 

so that if » = 3 inches, the axis of Q is placed 2|" from the 
axis of 6 . The tabulation is as follows :— 
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For the axis of B, (4 = -i) 


e . 

30 

40 

50 

60 

70 

80 

90 

e 

2 

15 

20 

as 

30 

35 

40 

45 

log tan .. 

2 

T»428i 

1*5611 

T-6687 

1*7614 

1*8452 

1*9238 

0 

log tan — — log tan 15° .... 

2 

0 

•1330 

•2406 

•3333 

•4171 

*4957 

*5719 

Distance from A (inches) .... 

0 

1*33 

2*406 

3*333 

4*171 

4*957 

5*719 


For the axis of H, 4 = -5 and the actual distance from B 
of a marking Hj^ = ^(log Hj — log -i) = 5 (log Hi — log •!), 
so that the table reads 



To Use the Chart.—(«) To find Q when 6 — 60° and 
H — *3. Join 60 on the axis of 0 to -3 on the axis of H and 
note the point of intersection, viz. -1218, with the axis of Q. 

(b) Given that B — 50° and Q = 2, to find H. Join B =50 
to Q = 2 and produce the line to cut the axis of H at i. 

(c) Given that B — 80“ and H = 1-15, to find Q. Join 
5 = 80 to H = i‘i5 to cut the axis of Q at 5*095. 
























VALUES OF 6 CDE6REE3) 
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(B) Q = 4-28iH* xtan = M x tan 
, if M is written in place of 4-28iH* 







VALUES OF Q 
'ater over a Notcli. 
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so that a chart may be constructed of two distinct parts, that 
on the left-hand side being obtained by plotting M against H, 
and that on the right-hand side being a series of lines obtained 
by plotting Q against M for various values of &. 

For the left-hand chart (Fig. 40) 

M = 4-28iH^ 

whence log M = log 4-281 + 2-5 log H 

and a table of values is ■ 


H 

log H 

log 4*2814-2*5 log H 

log M 

M 

0 

— 00 

•6315 — 00 

— 00 

0 

•2 

7*301 = — *699 

■6315 — 1-7475 

2*8840 

•07656 

*4 

T‘6o21 = — *3979 

-6315 — -9948 

1-0367 

•4332 

•6 

7*7782 = — *2218 

•6315 - ’5545 

-0770 

1*194 

•8 

7*9031 == — *0969 

■<5315 — ‘2423 

•3S92 

2*45 

I'O 

0 

-6315 + 0 

■0315 

4*281 

1-25 

*0969 

-6315 + -2423 

-S738 

7-478 


fi’om which the curve shown in the diagram can be plotted. 
Now Q varies directly as M, and Q = 0 when M = 0, so that 
it is only necessary to calculate for one point on each line. 

Thus, when M == 5 and 0 = 70°, for example, 

Q = 5 X tan 35“ = 3-501, 

so that the line joining the origin to the point (3-501, 5) must 
be indicated as that for 6 — 70°. In like manner other lines 
may be drawn. 

To Use the Chart.— {a) To find Q when 6 = 60° and 
H = -3 : erect a perpendicular at H = -3 to meet the curve, 
then draw a horizontal line to intersect the line mai'ked 
$ = 60°, and project down to cut the axis of Q at the 
required value, viz. -1218. 

{b) Given that 0 = 50° and Q — 2, to find H. Erect a 
perpendicular at Q = 2 to cut the line marked 0 = 50°, then 
draw a hoiizontal line to cut the curve, and project down to 
cut the axis of H at i. Line (c) shows the determination of 
the value, 5-095, of Q when 0 — 80° and H = 1-15, the pro¬ 
cedure being as detailed in (a). 


Chart giving Wind Pressure on an Inclined Surface 


Example 7.—Duchemin’s rule for the normal intensity p,i 
of wind pressure on a surface inclined to the direction of the 
wind at an angle a is 


pn = p 


2 sin g 

I + sm^'a 
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where p is the intensity of the horizontal wind pressure on a 
vertical surface. An approximate rule connecting p (in lbs. 
per sq. ft.) and v (the velocity of the wind, in miles per hour) 
. 

is p — Construct a chart to give values of pn as a varies 

from 15“ to 60® and v varies from 10 to 100 miles per hour. 
Combining the two formulae given 

, _ 2 sin a 

^"“200 ^ i 4 -sm®a 


or pn 

and in the log form 


100 


X 


sm a 


I + sin® « 
log Pn + log 100 = 2 log w + log 


Now V ranges from 10 to too m.p.h. and thus 2 log v ranges 
from 2 X I to 2 X 2, a ra,nge of 2 units, so that a suitable 
scale-value is = -5. 

sin g __ -258 8_ r 

X sin® a “ I -|- (-i^SSy® ~ 


When a = 15“ 


and when « = 60® 


sm a 

I -f sin® a 


■866 


•4949 


I -f (-866)® ■ 

and log (;- -^-6945 

SO that the scale must show a difference of *3096; a suitable 
scale-value being /g = *1. 

Then + h = -6 and or of m. In 

Fig. 41 m = 3" and hence == i". Tlic scale of v can be 
set out without any dirficulty, but for the axis of a the calcula¬ 
tion necessary must be indicated, thus :— 


a 

sill a 

sin® tt 

sin a 

1 -f’ 

, / sin a \ 

Differ¬ 
ence 
of logs 

Distance 
from A 


*2588 

•0G7 

•2420 

1-38.49 

0 

0 

20 

•342 

•117 

*3062 

I *4800 

*i:oii 

I-oil 

30 

*5 


‘4 

Y*C)02I 

•2172 

2*172 

40 

•6428 

■4132 

■-ISlS 

r -0579 

•2730 

2*73 

30 

766 

•5SO.S 

•4.Sif) 

T‘f)H3() 

•2987 

2*987 

Oo 

*800 

75 

•4049 

I'<j 0 -t 5 

•309O 

3*090 
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The intersection at B with the axis of pn of the line joining 
y = 8o to a — 6o° gives a starting value, viz. 3i'67, for the 
graduation of this axis for 


sin g 

100 ^ I + sin® « 


6400 

loo" 


X -4949 = 31-67 



Fig. 41.—Pressure of Wind on an Inclined SiirfjM'.o. 

and all the distances must be measured downward; tla.^ l.-ibhi 
being 


i>n . 

31-67 

30 

as 


15 

It. 1 

5 1 

I 

. 

1*5007 


1-3979 

1*301 

1*1761 1 

X 

*699 

0 

log 31*67 — log pn • « .* 

0 

•0236 

•1088 1 

•1997 


*r>f »«7 

*8017 

i*S<if >7 

Djistauco from D . . . . 

0 

• 03 £) 

•171 

*333 

‘54 J 

•835 

1*336 

a*5oi 
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It should be noticed that for all logarithmic scales the 
distances between the markings for numbers having the same 
relation to one another are the same: thus the distance from 
I to 2 is the same as that from 10 to 20, 20 to 40,15 to 30, etc,, 
so that the markings for 40, 50, 45, etc., can readily be fixed 
from the figures in the table. 

To Use the Chiart.— {a) If the wind velocity is 50 m.p.h., 
and the pitch of a roof is 33°, what is the normal intensity of 
the wind pressure on the roof? Join 50 on the axis of v to 
33 on the axis of a to cut the axis of pn at io-5: then the 
intensity is 10-5 lbs. per sq. foot. 

(b) To find the wind velocity when the normal wind 
pressure on a roof inclined at 20° to the horizontal is 15 lbs. 
per sq. foot. Join 20 on the axis of a to 15 on the axis of pa 
and produce the line to cut the axis of v at the required speed, 
viz. 70 m.p.h. 

The advantage of a chart is clearly seen in this example, 
for the calculation is somewhat involved, whereas the solution 
by the chart is direct. 

The next Example is illustrative of the method of dealing 
with powers and roots, and again demonstrates the great 
usefulness of the solution by a chart. 


Chart giving Resistance of a Moving Plane 

Example 8.—^I'he formtila given by the N.P.L. for the sldn 
resistance on a plane is 

R == *0000082 

where R = skin resistance in lbs. per sq. ft. 

A = area in sq. ft. 

and V = speed in ft. per sec. 

If A varies from i to 30 and V from 20 to 120, construct a 
chart to give values of R ( l.''ig. 43). 

Transposing the formula QQ^Qgo ~ 

In the log form log R — log -0000083 = •93log AH-1-86logV. 

For the axis of A the range is from *93 log l to *93 log 30, i. e. 
frt)in 0 to 1-3737, and a convenient scale-value is l^ — *31, 
this particular value lacing chosen since *93 is exactly divisible 
by it. Thus the distance of the marking for a value A^ from 

the marking for A-- i is ^^•^(log Aj — log i), i. e. 3logAi 

inches. 
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For the avis of V the range is from l'86 log 20 to 
1-86 log 120, t. e. a range of 1-4475 ^^nits, and again we may 



l^iG. 42.—Hesistance of a riaue. 

take -31 as the scale-value. Then A,; - I : -62 ainl 
nil = Wa = Ini = i j inches, so that the axis of K is placet I 
mid-way between the axes of A and V. 
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A convenient starting point on the R axis is found by 
joining A = i to V = 20, and marking the value as ’002x56, 
since log R = log *0000082 + *93 log i + i*86 log 20 
= §*9138 + 0 + 1*86 X 1*301 = 3-3337 
whence R = *002156 

The graduation of the axis of R may be effected by either 
of two methods, viz. :— 

(«) By finding the distance of the marking for *01 from 

that for *002156 lathis being ;^(log *01 — log *002156) inchesj 

and then using a scale with scale-value *62, such as could be 
obtained from a chart of the form shown in Fig. 32, calling 
the markings -ox, *02 . . . -x instead of i, 2 . . . 10, or 

{b) By compiling a table in wliich distances from the marldng 
for *002x56 are shown, a few values being 


R. 

•002156 

•or 

•05 

•I 

’5 

z 

1*2 

1*5 

log R. 

3‘3337 

2 

2*699 

T 

1*699 

0 

•0793 

•1761 

log R — log *00215(5 . . 

0 

•6663 

1*3653 

1*6663 

2*3653 

2*6663 

1 2*7455 

2*8424 

Distance from B (inches) . 

0 

1-075 1 

2*202 

2*688 

3-815 

4-3 

4*428 

4*585 


Line {a) shows the finding of R = *8362 when A = 30 and 
V = 90; and by line {b) the value of V, 3X*29, is determined 
when A = X2 and R = *05, the procedure being apparent. 

In order to show the utility of the cliai't the second of 
these cases is treated arithmetically :— 

R = *0000082 A-*®V^-®® 

x*86 log V = log R — log *0000082 —93 log A 
= ^g *05 -;i 6*9X38 — *93 log 12 
= 2*699 — 6*9x38 — x*oo37 = 2*7815 
logV = 1*4954 
V — 3X*29 

Equations containing more than tlurec variable quantities 
may l>e chartiid by a simple extension of the method used 
when tlicre ai'e the three variables only, and it is in such cases 
tliat tlic superiority of the aligmnent chart over the ordinary 
intercept graph is more pronounced. As the number of 
variables increases, however, the " practical ” difficulties of 
tile chart consti'uction are more evident: thus the choice of 
scales and the relative placing of the various axes on the 
paper (particularly in the vertical direction) are factors need¬ 
ing careful thouglit and experience, if the chart is to be of 
the greatest efficiency. To fully explain the procedure in the 
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case of an equation with four variables, two examples are 
here worked in detail, the first l>eing of a rather elementary 
character. ^ 

Chart correlating Four Variables 

i:.\ani/y/f ().--ConslnKd a chart to correlate the variables in 
the eeptation iiv - - the values varying as follows :— 

II from I to lo 
V from •;] to 25 

and p from 500 to 2500. 

This chart (Idg. 43) is made: up of two parts, linked together 
by a conituon mid-vt^rtical; the two charts representing the 
equations iiv- .n') and w--•z^pq luspectively. It is not 
necesstiry, howi'ver, (o graduate i:h(! axis of w. 

Commence liy drawing tin; vertical axes of 11 and v, 3 inches 
a]i;irt, ami graduating them logarithmically with the scale- 
values /i (for the u axis) -25 and (for the v axis) = -5. 
'i'hcu the nii<l-vertical must Ik; so placed between them that 

///.. - e 

ml /”" -25 "" 

valu<^ for this inid-vertical is -5 -f -25, ■/. e. •75. By jo ini ng 
It : ; S to V ■■ 3, (he point G is obtained, the value of w at 

this point being 24. This is Hie only point along the axis of 
a‘i for wliicli the value of w need lie known. 

Now till' values of p must range fnnu 500 to 2500, and 
log p varies from 2-()()q to 3*397<j, a range of *(1989 unit; so 
that a scale-value of ■■ -z is suitable. Knowing that = -2 
and /;, 75, we find that 4 must be 7^ — -2, ■/. c. -55, since 

the axis of w .serves as tbe mid-verLicaf between the axes of 

p and (/. 'I’lien -- 275, so that if the axis of 

V«(, "2 

(/ IS drawn iTi inches to the right of the mid-vertical, the axis 
of /> iiiust be distant 275 X i-6 or 4-4 inches to the left. 
Often it is diniciilt to fix a cHmvtinient po.sition for the .starting 
value, and it may be advisable lo lay out the gracluations 
for Hie oiitsiile axi‘S ou siqiarale stiips of paper and to then 
move the strips np or down Hie axes nutil the most useful 
pJadugs are found. Glioosing a position for the marking of 
500 on Hie axis of />, as indicated on tJie diagram, the axis is 
graduated with ■ -2. If now we join 1000 ou the axis of 
p to 0 and prodiiee (he line to cut the axis of q, we dctenninc 
the position of the marking for -x, for the value of 10 at G is 24 
and hence 

24 - - -24 X 1000 X q , or q -1. 
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Fig. 43. 
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The axis of q can now be gnulualcd usinju; lln^ sc:ilu-valn<* 
h — ' 55 - It should bo noted tliut the. posiliou of G must bo 
found most carefully, for any error here has tlu; elfect of alt(‘r- 
ing the correct relative placing of the q grachiafions. The 
chart is now complete and three oxainpli’s of its use an; shown. 

(rt) 'If u = g, = 2, and /j = 2500, to liud q. Join u ■■ c) 
to a = 2 to cut the mid-vertical at R : join 2500 on the axis 
of f to R and pi’oduce to cut the* axis of q at the reipnred 
value *03. 

{h) Given that q —' 5 , « =--8-2, and /> ■■-750, to find v. 
Join p — 750 to (j ™ '5 to cut the mid-vertical at S, and 
through S draw a line from 8-2 on the axis of n to ciit tiu! 
axis of V at 10-97. 

(c) Up — Goo, q = -02, and v ~~ •(», to find u. Join p f)oo 
to q ~ -02 to cut the mid-vertical at 'J'. Join ?' - ^ ■(> to T 
and produce to cut the axis of it at 11 r-- .gS.' 

It must be noted that the chart is construct( mI by associating 
u vitli V and p with q and that this grouping must be .-idhcrcd 
to in the use of the chart; thus in case [a), for c.xamplc, it 
would be incorrect to commence by joining v ■ ■ 2 p . 2500. 

The next Example shows a chart trf the same kind as in 
the preceding example, but tlie fornuila. that it illustrates is 
more complex and the necessary ('.alculation is corrcspoudinglv 
increased. 

Chart giving Working Pressure for Stool Flues 

Example 10.—Unwin’s formula for Ihcsaft! working pressure 
in cylindrical welded steel Hues, with longitudinal lap joint, is 

P = I 473 Goo^^„^^^_j^„ 

where t = thickness of plate (inches) 

/ — length of flue between slrengthening rings (inches) 
d — dia. of Hu(i (iiu'.lu^s) 

and P = safe working pressure in lbs. [x-r s(i. in. 

Construct a chart to give tlut values of the variables for 
the ranges 

/ from -T to -f) 

/ „ .TO to 70 

J>-nd d ,, 10 to 50 

Ihe variables may be tak(!n together in pairs, a snitabh; 
transposition of the factors giving 

P/-» ^ /ii-t 

, I472GOO 
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so that a chart is first constructed for 


< 2-1 


= K and then one 


is built up from it for K = 


1472660' 


Dealing first with the equation = K, the range of t 

is from -i to -6, so that 2-i log t varies from 2‘i x i to 
2'i X I'7782, i. 0. I"6342 units, and I*i6 log A varies from 
i*i6 X I to i-i6 X 1-699, ^ range of -8108 unit: hence suit¬ 
able scale-values are L = *4 for the axis of t, and L = -2 for 
the axis of d. 


Now log K = 2-1 log t — i'i6 log A 

so that the axis of K can be placed between those of t and A, 
if the axis of A is graduated in the opposite direction from 

that of the axis of t (Fig. 44). Also ^ = ^ = — so that 

«/.i = \m, and if is made -7", must = 1-4". 

The axes of t and A are now graduated, the line AB being 
the “ virtual zero ” line; and tables for the graduation of 
these axes are given. 

For the axis of t 


t . 

•i' *15 1 

•25 

•3 

•35 

•4 

■45 

•5 

•55 

-C 

hnU . 

I T'lyCn 1 

X-3‘>7<J 

1*4 771 

1*5'! 4^^ 

1*6o2I 

1*6532 i T-G99 1-7404 

1-7782 


0 •I7hl 1 •301 

■3970 

♦4771' 

*5441 

•Goal 

•G532 

•699 

-7404 

-7782 

Distrmcc from A ^ 
(inchos) , . i 

0 - 02^5 i-5» 

3*089 

2-505 

2-857 

3*i6i 

3-429 

3-67 

3*887 

4*086 


the values in the fourth line being obtained from those in the 

2* I 

third lino by multiplying by , i. c. by 5-23. 

For tliG axis of d 


if. 

to 

15 

30 

25 

30 

35 

40 

45 

50 

. 

1 

1*1761 

i*3iH 

1-3979 

1-4771 

1-5441 

I*602I 

1*6532 

1-699 


0 

-1701 

•301 

•3979 

•4771 

■5441 1 

•C02I 

•6532 

•699 

Distance from U (ifiduis) . 

u 

fU2I 

1-74G 

2*308 ' 

2*767 

3-158 

3-493 

3.789 

4-054 


tlio multiplying factor, giving the fourth line from the third 
t*i6 

line, being i. c. 5-8. 

The line AB intersects the mid-vertical at C: there is no 

G 
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need to graduate the mid-vertical, but its scale-value 
must be known., viz, ^ -f-1 ^, i. e. -6, and also the value of K 
at G. 


14726001 


1-9 ^,.,6 


Fig. 44.—Unwin's Formula for Welded Steel Flues. 


If K = 

then, when it = *1 and = 10 

log K = 2-1 log -I—i*i6 log 10= — 2 *i—I‘i6=—3-26— ^'74 
and K = -0005495. 
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The range of I is from 10 to 70 and that of -9 log I is from 
•9 X I to -g X I'845 i, i. c. -7606 unit. The scale-value 4 for 
the axis of I must he considered in conjunction with 4 arid /g, 
the scale-value for the axis of P. 

If 4 is taken as -2 then 4 = 4 ~ 4 “ ‘ 4 > these scale- 
values being suitable for the axes concerned. For the axis 
of /! a few values are indicated in the table :— 


/. 

10 

20 

30 

40 

50 

Go 

70 

log/. 

X 

1*301 

1-4771 

l*fj 02 I 

i-figi) 

x *7783 

1*8451 

•9{log / — log 10). 

0 

•2709 

*4294 

•5419 

•6291 

•7004 

•7606 

Distance from H (inches) ♦ . 

1 0 

1*3545 

2-147 

2*7005 

3*1-155 

3*502 

1 3*803 


Since 4 = ‘2 and 4 = ’ 4 . 


fjh _ 4 
4 


I? 

•4 


I 

2' 


Hence, if the axis of I is distant 2-6 inches from the mid¬ 
vertical, the axis of P must be placed \ x 2-6 or 1-3 inches 
away from the mid-vertical. To fix a starting point for the 
graduation of the axis of P, we join 60 on the axis of ^ to C 
and produce the line to cut the axis of P at D, marking 
the value 20*31 at D; for 


P /.9 

rtJ — _ i<; 

1472600 

„ 1472600K 

P = ■ ' - - and also K = -0005495 

hence log P = log 1472600 log -0005495 —9 log 60 

— 6-1681 4 - 4-74 — -9 X 1-7782 

= 1-3077 

or P = 20-31 


The graduation of the axis of P is most easily effected 
by working from the marking for 100 rather than that for 
20-31, since in finding the differences between the logs it is 
much simpler to subtract 2 than to subtract 1-3077. The 
distance of the marking for 100 from D is readily found, it 

, . log 100 — log 20-31 . -6923 . , 

being -2------o- t, e. or 1-733 niches; 

4 *4 


and 


thence the axis can be graduated. 

To Use the Chart. —(a) Given that t = -3, = 20 and 

I = 20, to find P. join f = -3 to d = 20, to cut the mid- 
vertical at E: join / = 20 to E and produce the line to cut 
the axis of P at 245-4. 
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Proof :— P = 1472600 X 


■3 


, 2.1 


ao-* X 20^-“ 
log P = log 1472600 + 2'i log '3 

— (*9 log 20 + i-i6 log 20) 
= 6*i68i — 2-1 + I'OoiQ — I-I709 — 1-5092 
= 2-3899 
or P = 245-4. 

(6) If P = 200, / = 60 and d = 30, to find t. Join P = 200 
to ^ = 60 to cut the mid-vertical at F: join d — 30 to F, 
and produce the line to cut the axis of t at -5451. 

n. f. .2.i_ 

■ 1472600 

2-1 log t = log 200 -f -9 log 60 -f-1-16 log 30 — 6-1681 
= 2-3014-1-6004 -j-1-7134 — 6-1681 
= T-4467 = —5533 
log i = — -2635 = 1-7365 
or j! = ■545X. 

(c) To find I when P = 35, t = -12 and d — 28. Join 
t = ’12 to d = 28 to cut the mid-vertical at G: join P = 35 
to G and produce the line to cut the axis of I at 13-3. 

1472600^®-^ 


Proof :- 




-9 log I ~ 6-1681 -|- 2-1 log -12 — log 35 ~ 1-16 log 28 
= 6-1681 — 2-1 J- -1663 — 1-5441 — 1-6788 
= 1-0115 

log I == 1-1239 or I = 13-3 

Observation of the amount of calculation necessary for the 
evaluation in the three cases considei'cd shows the great value 
of the chart. 

The next Example is of a chart of the same general character 
as those just discussed, but illustrates the duplication of the 
scale of one of the variables. 


Chart for Horse-power transmitted by a Cotton Rope 

Example ii.—Construct a chart to give the horse-power 
transmitted by a cotton rope of diameter d inches running 
at V feet per sec., using the fonnula 

jj _ (62800 — '^v^)dH 
~ ~ 230006 

V varpng from 10 to 140, and d from J to 2. 

The fonnula can be expressed as " 

230000 H = dh) X (62800 — 3v®) 

= N X M 
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so that a chart can be built up by relating N with d and v, 
and then relating H and M (which is a function of v) with N : 


n JO samvA 



p JO samvA 


the function N thus serving as a link, and the axis of N being 
merely an un-graduatcd mid-vertical. 

Dealing first with the equation N = iPv, wc have 
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log N = 2 log d + log V. Now d ranges from to 2, so that 
the range of 2 log is 2 log 4, i. e. 1-2042 units, and hence a 
scale-value of i" = -4 unit is suitable : also log v varies from 
log 140 to log 10, i. e. from 2-1461 to i, a range of 1-1461 units, 
so that the same scale-value will serve : thus ^ = -4 and 

consequently l^, the scale-value for the axis of N, is -8 and 
the axis of N is equidistant from the axes of d and z;. In 
Fig. 45 m-i = Wa = ^ inch. 

The axes of d and v can be graduated, that of d being 
marked in fractions instead of the more usual decimals : the 

distances | to |, J-J-, etc., being of the nature ?— 

*4 

5 log 1-25, 5 log 1-375, and so on. By joining rf = 2 to w = 20 
a point G is found on the axis of N, the value at this point 
being 2^ x 20 or 80. 

We must now proceed to graduate the axis of M, the values 
along which are again values for v. 

For the axis of M the range of values is log (62800 — 3 x 10-) 
— log (62800 — 3 X 140^), i. c. from log (>2500 to log 4000 
or 1-1938 units, and a convenient scale-value is = -4. 

The table for the graduation of the axis of M, which is in 
reality a second axis of v, is 


V . 

10 

30 

50 

60 

70 

80 

100 ' 




140 

t;“ , . . . 

100 

900 

2500 

3600 

4900 

6400 

lOUUO ; I2JUU 


tan 

19600 

62800 — 3ti“ . 

62500 

60100 

55300 

52000 

48100 

4 3f»oo 

32800 26500 

19600 

12100 

4000 

log (62800 — sv^) 

4 * 79 S 9 

4*7789 

4*7427 

4*7160 

4-6821 

4*6.10.') 

-rin.'W 

l*-l~’J2 

•I* 202 3 

4-0828 

3-6021 

Ditlerciico of logs 

0 

•017 

•0532 

•0799 

•1138 

•^564 1 

•28 : 


•5030 

*7131 

1*1938 

Distance from “A 
the marking > 
for ro . .) 

0 

•043 

*^33 

•2 

•285 

•391 

! 

■7 I 

• 9.32 

1*259 

1*783 

2*985 


the distances being measured in a downwanl direction. 

The axis of M is drawn 4" to the right of the mid-vertical, 
and then the position of the axis of H can be determined from 
a knowledge of the scale-values. Now 230000 H N x M 
so tha.t the axis of H must be placed between those of N :ind M, 
and since the scale-value 4 for the axis of N is -8, and l^, for 

the axis of M is -4, — = ^ = 4 = or the axis of If is 

distant x 4, i. e. 1-33" from the axis of N (the mid-vertical). 

The scale-value for the axis of H is f., -|- 1 ^ = 1-2, and a 
starting point for the graduations is found by joining G, on 
the mid-vertical, to » = 140 on the axis of M. The value of 
H at this point F is found from 230000 H = 80 x 4000, i. e. 
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H = i’39i, and it is the best plan to find the distance of the 
marking for i from F. This distance is ^ 39 ^ -, 

i. e. or -iig inch, and thence the scale can readily be set 
out, using the scale-value x-z. 

To Use the Chart.— (a) To find H when d = §" and 
= 30- Jo™ d — \ to V = 30 (on the left-hand v axis), to 
cut the mid-vertical at P. From 
P draw a line to 30 (on the 

right-hand v axis) to intersect ///\ 

the axis of H at the required I 

value, viz. 4-41. ^ 

(6) Given that w = 90 and E ^ 

H = 9, to find d. Join 90 on 
the right-hand axis of » to 9 on / 

the axis of H, and produce the / / 

line to cut the mid-vertical at Z / 

R. Draw a line from 90 on the | / y 
left-hand axis of v to R, and y 
produce it to cut the axis of d 
at 773. A "- 

Note that the left-hand axis ^^ 

of V must be used in conjunc- G 

tion with the axis of d, and the Pig. 46. 

right-hand axis of v must be 
used with the axis of H and the mid-vertical. 

A useful chart, of character similar to Fig. 17, may be 
constructed to give powers and roots directly, and also 
logarithms to any base. 

In Fig. 46 let AE be the axis of u, BA the axis of v, and 
BG the axis of w : also let the length of AB be ni. 

Lot AE represent log to a scale of i” = 4, and let 
BD represent log to a scale of i" = 4. 

Then, if AG be drawn parallel to ED, the triangles BAG 
and BCD are similar, and hence 

B^G_BD 
BA ~ BC 
BD -h EA BD 

1 . e. -!-= 


Fig. 46. 


logWi 


log % 

. i 7 ' 


log Wx 


m 
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log + 4 _ log zc'i 

log % + ^l4 log = ^^4 log 

log == 4 log Wy{7n — 

__ l/^rc /!/ - lr\nf w/ii 


4 (w — ^%) 


log tt^ = log 


Now if 


'"' ly[ni — '/;^ jl ) 

log Wi = log 
?; log ti = log ze; 

ll'^ =: 


or, in general, v log u = log lo 
whence if^ = w. 

To graduate the axis of v the various values of must 
be calculated. 

— 

wi(4 + 2^x4) == 

, m%)d-. DtVs 

and nir = or 7-u 

1 4 + ^i 4 ^3 , 


Chart for Powers and Roots 

Example 12.—Construct a chart to illustrate the equation 
= w, the values of ti varying from i to 10, and those of w 
varying from i to 1000. Show how this chart may be used 
to give logs of numbers to any base. 

In Fig. 47 the axes of w and w are drawn 3:|," a,part and 
the line AB is made exactly 6" long. The values of logy# 
are set out using the scale-value 4 = *2, and for the axis of w 
the scale-value L is taken as *5. Thus m — 6, 4 — '2, /., -s 

If ** 

and r = 2-5, so that nu = ——-r —• For v-, = 2, for example, 
b X 2 

Ml — ^ ^ _jj ^ = 2-67 inches. Some points on tlic axis of v 

can be marked by joining suitable values of u and w. Thus 
M = 10 joined in turn to te' = 10, 100 and 1000 gives the 
positions of the markings for y,= l, 2, aiul 3 respectively. 
Other points can be found by calculation, a few values being 
indicated in the table;— 
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47.—Chart for Powers and Roots, 


90 
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V . . 

•2 

•4 

•6 

•8 

1*5 

2*5 

3-5 

4 

10 

mi 

•444 

•826 

1*162 

I ‘455 

2*25 

3 

3*5 

3-0i) 

4-8 


To Use the Chart. —(a) To find the square root of 6. 
Here u = 6 and v — -5, hence join u = 6 to v = -5 and 
produce the line to cut the axis of w at 2-45. Then 
V6 = 2-45. 

(b) To find the value of Join n = ;j-2 to v = 1*31 

and produce the line to cut the axis of ze> at 4*388. 

(c) To find the fifth root of 650. Hc;re //'’ = 650, and 
hence it is necessary to join w = 650 to v = 5 and produce 
the line to cut the axis of a at 3-653. 'I'lius ^'650 ~ 3-653. 

If u'’ = zv then log„ za — v so that if the axis of za is taken 
as the scale of numbers, the axis of z{ gives the value of the 
base of the logaritlim, and the logarithm is read off on the axis 
of V. For ordinary working the two bases ncedetl an^ 10, 
for common logs, and e, i. e. 2-718, for natural <ir Na])iei'ian 
logs. The point E on the axis of u, at the value 2-718, is 

distant ;^(log 2-718 — log i), i. c. 5 x *4343 or 2-172 inches 

*2 

from A. Then commbn logs are found by drawing a .series 
of lines radiating from u =To, and for natural logs the lines 
are drawn from the point E. 

Thus {d) To find the common log of 60. Join u- to to 
w = 60 and note the point of intersection, 1-7782, with the 
axis of V : then logjo 60 = 1-7782. 

(/) To find the natural log of 75. Join E lo 75 on 
the axis of ze to intersect the axis of v' at 4-3175. Then 
log. 75 = 4 - 3 I 75 - 


iiii5 
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TABLE I. —Trigonometrical Ratios 
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TABLE II. —^Logarithms 
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7490 

7497 

7605 

7fiO0 

7674 

7682 

7r).i2 

7IU9 

7<;&7 

7710 

7733 

7731 


61 7Hfi3 7Hfi() 

62 'mi 7y:u ! 

63 7l»‘J3 S<MH) 

64 b 0(}3 8 (JUy 


8129 I 8136 8U2 


8G Ril03 8200 

67 H-JM7 8274 

08 KV:ri 8331 8338 
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8613 8619 8.VJli 

8673 H679 H-Wfl 

8t:a:i 88)39 8W6 

8«U»2 H(?UH 8704 

8/r»l 8760 8703 


8814 

HH20 

8836 

8871 

HH7rt 

HSS2 

8927 

il)H7 

8938 

8983 

8993 

9030 

9043 

9017 

90'.K> 

9090 

9101 

91 la 

9149 

9101 

9190 

9201 

9200 

9;*IS 

9263 

9268 

9299 

9301 

! 9309 

'.la.'iO 

9ar.5 

! 9300 

9100 

94tiri 

{ 9110 

i 9i:*o 

i 94:.6 

! 9itai 

9199 

vwu 

i 9609 

9617 

9663 

»r.&7 


9000 

9006 

9011 

IT, .17 

uoi*;; 

9t'» -19 

9094 

U«)99 

'jvatj 

9741 

97411 

97S3 

9780 

9791 


no 1 W 33 
97 USOS 
OS 0913 
00 9956 



7613 

7620 

7638 

7689 

7697 

7iyJ4 

7004 

7072 

7079 

7738 

7746 

7763 

7810 

7818 

7836 

7882 

7889 

7896 

7063 

7969 

7900 

8021 

8028 

8036 

UUH9 

8090 

8103 

8160 

8163 

8109 

8223 

8238 

B236 

8287 

K293 

8299 

8361 

8367 

8303 

8114 

8420 

8420 

8170 

8482 

8488 

8637 

8645 

8649 

8697 

H(K>3 

H<109 

806/ 

8003 

8*',09 

8710 

8723 

872/ 
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TABLE in. —Antilogaritums 
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1 

2 

3 


5 

6 

7 

8 


n 

1 


1 

0 

6 

7 

8 

9 

i 

B 

10<13 

IQH 

H 

1009 

1012 

1014 

1016 

1019 

1021 

0 

0 

1 

1 
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1 

2 

3 

2 

•01 

1035 

1020 

1028 

1030 

1033 

1035 

1038 

lOJO 

1043 

1046 


■ 

■ 

B 

1 

1 

3 

2 

2 

•02 

1047 

lOW) 
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1054 
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2 
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0 
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